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FOREWORD 


Chapter  15  is  one  of  fifteen  that  comprise  the  literature 
survey  on  armor-piercing  steel  projectiles.  Under  the  general 
editorship  of  C.  W.  Curtis,  the  survey  has  been  prepared  in  part 
by  personnel  of  the  Lehigh  University  Institute  of  Research  and 
in  part  by  personnel  of  Frankford  Arsenal.  This  chapter  was 
written  by  personnel  of  Lehigh  University  and  revised  by  person¬ 
nel  of  Frankford  Arsenal. 

Chapters  published  are  as  follows. 

Chapter  1,  Frankford  Arsenal  Report  R-901,  Feb  1951  (Secret) 

"The  Problem  of  Armor  Piercing  Projectile  Design: 

Its  Principal  Divisions  and  Important  Phases," 
by  C.  W.  Curtis 

Chapter  2,  Frankford  Arsenal  Report  R-902,  Feb  1951  (Secret) 
"Mechanism  of  Armor  Penetration, "  by  R.  B.  Sawyer 

Chapter  3,  Frankford  Arsenal  Report  R-903,  Feb  1951  (Secret) 
"Perforation  Limits  for  Nondeforming  Projectiles," 
by  C.  W.  Curtis 

Chapter  7,  Frankford  Arsenal  Report  R-907,  May  1952  (Secret) 

"Mechanism  of  Cap,"  by  R.  J.  Emrich  and  F.  E.  Myers 

Chapter  11,  Frankford  Arsenal  Report  R-911,  Aug  1952  (Confidential) 
"Control  of  Metallurgical  Properties,"  by  J.  H.  Gross 
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Chapter  15  -  Acceptance  Tests 

Sec  15.1  -  Choice  of  Tests  and  Test  Conditions 
Sec  15.2  -  Proof  Firing  for  Acceptance  of  Armor 
Sec  15.3  -  Nonba Ills tic  Tests  of  Armor 
Sec  15. L  -  Proof  Firing  of  AP  Projeotiles 
Sec  15.5  ■  Nonballistic  Tests  of  AP  Projectiles 

Appendix  A  -  Sample  Specifications 

Appendix  B  -  Description  of  Types  of  Deformation  and  Definition 
of  Terms 
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Chapter  15.  Acceptance  Tests 

Before  armor  plates  and  projectiles  are  accepted  for  service 
use,  samples  are  customarily  subjected  to  tests  designed  either 
to  measure  ballistic  quality  or  to  assure  that  this  quality  ex¬ 
ceeds  minimum  requirements.  In  addition  to  specifications  of  bal¬ 
listic  quality  there  also  may  be  requirements  on  weldability,  ma- 
chineability,  formability,  magnetic  properties,  banding,  marking, 
packing,  etc.  The  present  chapter  is  not  concerned  with  these 
latter  requirements,  however,  but  deals  only  with  tests  related 
to  ballistic  performance. 

Ideally,  tests  for  quality  would  be  carried  out  by  machines 
which  separate  satisfactory  from  unsatisfactory  pieces  at  various 
stages  of  manufacture. At  present,  however,  automatic  inspec¬ 
tion  represents  a  goal  rather  than  an  achievement.  Although  there 
has  been  considerable  progress  in  the  development  of  nonballistie 
tests  and  such  tests  are  often  used  for  special  purposes  or  to  ob¬ 
tain  supplementary  information,  the  direct  ballistic  test  as  the 
basic  method  of  acceptance  has  not  been  replaced. 

The  obvious  advantage  of  the  ballistic  test,  and  the  reason 
it  has  been  retained  as  the  basic  method  of  assessment,  is  that 
it  closely  simulates  service  conditions.  To  be  weighed  against 
this  feature  are  many  disadvantages, (2,3)  such  as  the  following. 

(a)  Comparatively  speaking,  ballistic  testing  is  a  cumber¬ 
some  process.  It  requires  special  equipment  and  usually  must  be 
carried  out  at  a  proving  ground  under  the  supervision  of  a  trained 
staff.  The  resulting  cost  is  high. 

(b) .  Because  materials  must  be  shipped  to  the  proving  ground, 
a  time  lag  between  the  completion  of  production  and  the  completion 
of  the  test  may  hold  up  further  fabrication  or  Immediate  shipment 
to  combat  areas. 


ti;por  one  type  of  small  arms  projectile,  such  a  machine  has  actu¬ 
ally  been  built  and  used.  (However,  this  represents  an  isolated 
case  rather  than  general  practice.)  See  report  by  W.  N.  Elndley, 
"Quality  Control  of  SAAP  Bullet  Cores,"  Armament  Research  Depart¬ 
ment  (British)  MET  9/45  (Feb  1945). 

(2)h.  H.  Zornig,  N.  A.  Matthews,  and  C.  Zener,  "Armor  Plate  Ballistic 
Testing,"  Watertown  Arsenal  Report  WAL  710/635  (Aug  1944). 

(^"Investigation  into  the  Possibility  of  Replacing  Plate  Proofs  of 
Shot  by  Laboratory  Tests,"  British  Ordnance  Board  Proceedings 
19,063  (Aug  1942). 
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(e)  The  result  is  available  only  after  all  stages  of  manu¬ 
facture  are  completed;  earlier  knowledge  of  trouble  might  allow 
correction  of  faults  or  at  least  save  work  on  unsatisfactory  ma¬ 
terial. 

(d)  It  is  often  difficult  to  determine  from  a  ballistic  test 
what  changes  should  be  made  in  fabrication  to  improve  the  product. 

(e)  The  test  is  destructive.  It  is  therefore  wasteful  of 
material  and  can  be  carried  out  only  on  samples.  The  inadequacy 
of  sampling  procedures  is  borne  out  by  many  examples. 

To  avoid  these  difficulties  numerous  investigations  have  been 
undertaken  to  develop  nonballistie  tests  that  are  cheap,  fast,  non¬ 
destructive  and  usable  in  the  manufacturing  plant.  Nonballistie 
tests  should  also  show  good  correlation  with  ballistic  performance. 
Even  though  such  tests  have  not  replaced  the  ballistic  test,  they 
often  serve  useful  purposes:  (a)  in  sorting  out  distinctly  inferior 
material  before  further  processing,  (b)  in  informing  the  manufacturer 
of  trouble  before  large  quantities  of  defective  product  have  been 
produced,  (c)  in  providing  a  clue  to  the  causes  of  failure  in  a  bal¬ 
listic  test  and  (d)  in  helping  to  control  uniformity  of  the  product 
to  add  to  the  reliability  of  ballistic  tests  on  samples. (4) 


The  last  point  is  particularly  emphasized  in  the  following  excerpt 
from  footnote  2:  "Ballistic  acceptance  teste  must  necessarily  be 
augmented  by  indirect  tests  because  of  the  impossibility  of  con¬ 
trolling  uniformity  by  ballistic  tests  alone." 
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Section 

15.11 

15.12 


Section  15.1 


Choice  of  Testa  and  Test  Conditions 


Title 

Acceptance  Tests  on  Homogeneous  Hard 
Armor  up  to  14  mm  Thickness 

Acceptance  Tests  of  Heavy  Naval  Pro¬ 
jectiles 
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Section  15.1 


Choice  of  Teste  and  Test  Conditions 


There  are  a  variety  of  factors  that  may  Influence  the  choice 
of  test  conditions  to  be  used  In  acceptance.  The  choice  may  de¬ 
pend  on  how  well  the  factors  controlling  performance  are  known,  on 
the  degree  to  which  servioe  conditions  can  be  defined,  on  the  ex¬ 
tent  to  which  capabilities  of  the  product  have  been  determined  in 
development  work,  or  on  the  importance  of  simplicity  and  reproduc¬ 
ibility  compared  to  complete  assessment. 


by  R.  J.  Emrich 
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Sec.  15.1  -  Choice  of  Tests  and  Test  Conditions 

In  general*  tests  on  armor  and  projectiles  are  conducted  for 
one  of  three  purposes,  as  follows s 

(a)  Experimental  or  development  tests  are  conducted  to  deter¬ 
mine  ballistic  characteristics  of  new  steels,  experimental  heat 
treatments  and  similar  variables  or,  in  the  case  of  ballistic  tests, 
to  find  the  best  characteristics  for  various  types  of  attack.  Fir¬ 
ings  are  also  conducted  to  obtain  information  upon  which  design  im¬ 
provements  or  alterations  are  based. 

(b)  Qualification  tests  are  conducted  for  the  purpose  of  quali¬ 
fying  a  manufacturer’s  process.  Such  tests  may  be  of  comparative  com¬ 
plexity  and  when  employed  are  designed  to  establish  the  ability  of  a 
manufacturer  to  produce  a  satisfactory  product.  After  qualification, 
indirect  tests  may  play  a  considerable  part  in  controlling  uniformity 
of  the  product. 

(c)  Acceptance  teste  are  conducted  on  samples  or  test  pieces, 
representing  distinct  lots,  which  are  presented  by  the  manufacturer. 

Although  the  subsequent  review  is  primarily  concerned  with  the 
problem  of  acceptance  testing,  the  tests  considered  may  well  be  used 
for  any  of  the  above  throe  purposes.  In  fact,  ever,  in  practice,  the 
results  of  acceptance  tests  are  often  employed  for  purposes  of  de¬ 
velopment,  making  it  difficult  to  distinguish  between  the  two  types. 

Considering  acceptance  tests,  the  choice  of  type  and  conditions 
of  test  may  depend,  in  a  particular  case,  on  any  one  or  a  combina¬ 
tion  of  several  factors.  It  may  depend  on  how  well  the  factors  con¬ 
trolling  performance  are  known,  on  the  degree  to  which  service  con¬ 
ditions  can  be  defined,  on  the  extent  to  which  capabilities  of  the 
product  have  been  determined  in  development  work,  or  on  the  impor¬ 
tance  of  simplicity  and  reproducibility  compared  to  complete  assess¬ 
ment. 

Factors  Controlling  Performance 

When  the  ballistic  quality  of  the  product  can  be  defined 
in  terms  of  definite,  measurable  characteristics,  these  form  a  use¬ 
ful  basis  for  assessment.  Thus  the  quality  of  homogeneous  armor  is 
said  to  depend  on  its  re'  ‘.stance  to  penetration,  its  resistance  to 
spalling,  and  its  resistance  to  cracking. (1)  The  quality  of  an  armor 


TTTtT  the  case  of  face-hardened  and  very  hard  homogeneous  armor, 
quality  wi.il  also  depend  on  the  ability  of  the  armor  to  deform 
the  projectile. 
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piercing  projectile  is  a  funotion  of  its  ability  to  resist  deforma¬ 
tion  and  shatter.  In  addition,  an  APHE  projectile  must  remain  in 
an  effective  bursting  condition. (2  )  One  of  the  criteria  for  the 
suitability  of  a  test  is  whether  or  not  it  is  properly  designed  to 
measure  the  physical  characteristics  controlling  these  properties. 

In  fact,  it  is  only  on  suoh  a  basis  that  nonballietic  tests  have 
any  significance. 

Difficulties  sometimes  arise  in  applying  this  criterion, 
however,  mainly  because  of  vagueness  in  physical  concepts.  For 
example,  the  order  of  merit  of  a  set  of  plates  tested  for  resist¬ 
ance  to  penetration  by  determination  of  ballistic  limit  may  be 
quite  different  when  the  test  projectiles  are  small  than  when  they 
are  large. (3)  Although  the  reasons  for  this  are  known  in  a  general 
way,  it  appears  impossible  in  this  and  other  cases  to  predict  from 
limited  test  results  what  the  performance  of  the  product  will  be 
under  all  possible  conditions  of  use. 

Service  Conditions 

Lacking  a  fundamental  basis  that  is  entirely  unambiguous, 
a  second  criterion  in  the  case  of  a  ballistic  test  is  the  closeness 
to  which  conditions  approach  expected  service  use.  The  usefullness 
of  this  criterion  will  depend  on  whether  or  not  the  intended  use  is 
restricted  to  a  few  types  of  impact  and  on  the  likelihood  that  serv¬ 
ice  conditions  will  be  altered  by  changes  in  the  tactical  situation. (4) 

At  best,  there  is  some  uncertainty  in  predicting  actual  use 
since,  to  a  certain  extent,  this  is  within  the  control  of  the  enemy. 
This  situation  is  in  contrast  to  that  existing  in  the  case  of  a  gun 
tube,  a  structural  element  of  a  vehicle,  or  a  gun  mount  wherein  the 
material  can  be  proof  tested  under  such  conditions  that  assurance  is 
obtained  that  the  stresses  in  service  will  not  exceed  those  in  test. (5) 


v2) "Ballistic  Testing  of  Armor,  Rev  A, "  Naval  Proving  Ground  Report 
21-43  (Apr  1944). 

(3)h.  H.  Zornig,  N.  A.  Matthews,  and  C.  Zener,  "Armor  Plate  Ballistic 
Testing,"  Watertown  Arsenal  Report  WAL  710/685  (Aug  1944). 

(4Ut  the  beginning  of  World  War  II,  the  90  mm  projectile  was  planned 
for  low  angle  attack  of  face-hardened  plate,  but  later,  due  to  a 
change  in  the  tactical  situation,  its  greatest  use  was  against  homo¬ 
geneous  armor  set  at  a  high  angle.  See  report  by  H.  F.  Brown,  "The 
History  of  90  mm  Armor  Piercing  Projectile  (Steel)  Development," 
Office,  Chief  of  Ordnance  (Aug  1945). 

"Bibliography  on  Armor,  Armor  Piercing  Projectiles  and  the  Welding 
of  Armor  -  Vol  I,"  Watertown  Arsenal  Report  WAL  900/97  (Apr  1945). 
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Product  Performance 


Two  types  of  acceptance  tests  have  been  used  in  practice. 

In  one  type,  the  test  provides  a  numerical  measure  of  quality,  such 
as  a  ballistic  limit;  in  the  other,  the  product  merely  passes  or 
fails  a  given  requirement,  e.  g. ,  that  a  plate  withstand  attack  by 
a  given  projectile  at  a  stated  velocity  and  obliquity.  The  choice 
of  the  level  set  for  acceptance  in  the  first,  case  and  of  test  condi¬ 
tions  in  the  second  case  is  based  on  expected  performance  as  deter¬ 
mined  in  previous  development  or  acceptance  tests. 

The  severity  of  the  test  will  obviously  depend  on  quali¬ 
ties  that  can  be  obtained  in  mass  production  and  not  on  those  a- 
ehieved  under  ideal  laboratory  conditions.  Particularly  in  time 
of  war,  with  new  manufacturers  in  the  field,  expediency  may  require 
acceptance  of  pieces  below  some  arbitrary,  predetermined  standard. 

It  may  then  be  an  advantage  to  have  a  test  which  will  tell  not  only 
whether,  but  how  much,  the  product  Is  below  or  above  a  given  level. 
Such  a  test  will  also  give  a  better  idea  of  Improvements  that  are 
being  made;  its  disadvantage  in  most  cases  is  greater  complexity. 

Simplicity  and  Reproducibility 

The  practical  need  for  simplicity  and  reproducibility  is 
evident  without  elaboration.  This  provides  a  fourth  criterion  for 
the  suitability  of  a  given  test  or  test  condition. 

A  review  of  specifications  for  armor  and  projectiles,  as  well 
as  the  literature  on  acceptance  testing,  reveals  no  simple,  infalli¬ 
ble  set  of  rules  for  choosing  a  test  or  test  conditions  in  particular 
cases.  As  illustrations  of  acceptance  practice  in  the  United  States 
near  and  at  the  end  of  World  War  II,  examples  of  specifications  are 
given  in  Appendix  A.  Specifications  are,  of  course,  continually  sub¬ 
ject  to  revision. 

To  indicate  seme  of  the  practical  difficulties  involved  in  set¬ 
ting  up  satisfactory  acceptance  tests,  modified  selected  quotations 
are  given  in  the  following  sections  which  cover  the  history  of  two 
developments.  Although  both  examples  are  from  British  sources,  the 
troubles  encountered  are  typical  of  those  of  other  countries. 
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15.11  -  Acceptance  Tests  (British)  on  Homogeneous  Hard  Armor 

up  to  14  mm  Thickness.  (6)  ~~ 

The  epecificatlon,  approved  in  1936,  and  in  use  at  the  out¬ 
break  of  the  war,  stipulated  that  the  plates  were  to  be  subjected 
to  an  "immunity  firing  test."  The  composition  of  steel  and  the 
method  of  manufacture  were  left  to  the  manufacturer  and  no  definite 
hardness  range  was  specified.  Plates  were  rejected  if  under  visual 
examination  they  showed  signs  of  cracks  or  laminations  or  other  de¬ 
fects,  and  if  under  firing  tests  with  caliber  .303  ammunition  (at 
stated  velocity  and  obliquity)  they  were  perforated  or  showed  signs 
of  spalling.  The  firing  trials  were  carried  out  at  ranges  on  the 
manufacturer's  premises,  the  normal  proving  procedure  being  as  fol¬ 
lows:  10  per  cent  of  all  plates  produced  were  subjected  to  the  im¬ 
munity  firing  test  so  long  as  no  failures  occurred;  upon  the  failure 
of  any  plate,  all  plates  were  tested  until  100  consecutive  passes, 
when  the  10  per  cent  test  was  resumed.  All  firing  was  carried  out 
with  special  rifles  and  ammunition  supplied  by  Woolwich  Arsenal, 
supposedly  to  assure  the  achievement  of  the  stated  striking  velocity; 
velocity  of  each  round  was  not  measured  and  it  was  later  shown  that 
striking  velocities  considerably  outside  the  ±40  f/s  stated  tolerance 
were  occurring. 

Early  in  1940,  certain  manufacturers  were  experiencing  diffi¬ 
culty  in  passing  the  immunity  firing  test  and,  in  consequence,  were 
continuously  on  100  per  cent  test.  In  April  1940,  the  severity  of 
the  test  was  reduced  by  increasing  the  obliquity.  In  July  1940, 
the  test  was  further  changed  and  inspecting  officers  were  asked  to 
compare  the  results  of  the  new  and  the  old  tests.  At  the  end  of  a 
six  months'  concession  period  no  satisfactory  conclusions  had  been 
reached  and  the  concession  was  further  extended  for  another  three 
months.  This  arrangement  worked  satisfactorily  and  no  further  am- 
mendments  were  formulated  until  1942. 

By  agreement  all  manufacturers  began  to  work  toward  a  Brlnell 
hardness  of  444  to  477,  in  which  range  very  little  trouble  was  ex¬ 
perienced  in  passing  the  immunity  test. 


T^r  L.  J.  Pomfret,  "The  History  of  Specification  I.T.  70  for  the 
Manufacture  and  Testing  of  Rolled  Homogeneous  Hard  (Non-machineable) 
Armor  up  to  14-mm  Nominal  Thickness,"  British  Ministry  of  Supply 
Permanent  Records  of  Research  and  Development  3.003  (Aug  1947). 
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Meanwhile,  during  1941,  experimental  triale  at  arsenal  ranges 
provided  the  first  means  of  making  comparative  trials  of  the  bal¬ 
listic  properties  of  different  types  of  IT  70  armor  plates.  These 
showed  that  the  specification  immunity  test  failed  to  discriminate 
among  plates  which  might  possess  greatly  differing  ballistic  quali¬ 
ties  and  gave  little  indication  of  the  behavior  of  plates  under  an 
overmatching  attack.  A  number  of  failures  meant  an  increase  in  the 
number  of  plates  fired  at,  and  the  return  of  plates  for  retreatment, 
but  this  retarding  effect  did  not  prevent  plates  essentially  similar 
to  those  rejected  from  going  into  vehicles,  nor  was  any  pressure, 
other  than  the  inconvenience  and  delay,  put  upon  the  manufacturer 
to  improve  his  quality. 

In  November  1942  a  new  draft  specification  evolved.  Immunity 
firing  tests  were  included  with  more  attention  to  detail  and,  in 
addition,  a  ballistic  limit  was  to  be  obtained  with  the  same  caliber 
.303  ammunition  within  a  velocity  bracket  of  100  f/s.  An  overmatch¬ 
ing  test  was  introduced,  and  it  was  stipulated  that  plates  should  be 
within  the  Brinell  hardness  range  444  to  477.  Ballistic  tests,  ex¬ 
cept  the  immunity  tests,  were  conducted  at  proving  grounds  on  samples 
shipped  there. 

In  potober  1943,  immunity  tests  at  the  firm's  ranges  ceased. 

Up  to  1944  the  results  of  the  proving  ground  tests  did  not  require 
any  action  regarding  acceptance  or  rejection  of  production  plates. 
Plates  were  accepted  provided  they  were  in  the  agreed  hardness  range. 

During  the  trial  period  in  which  hardness  alone  was  used  as  a 
basis  for  acceptance,  426  plates  from  five  firms  were  subjected  to 
ballistic  test  at  the  proving  ground,  and  the  results  showed  con¬ 
siderable  variation  in  the  properties  of  plates  of  different  makers. 
During  this  period  some  firing  had  been  done  at  various  obliquities, 
and  the  proving  grounds  impressed  upon  the  Ministry  of  Aircraft  Pro¬ 
duction  the  unreliability  of  results  obtained  in  angle  shooting. 

It  was  agreed  that  plates  should  be  proved  at  normal,  as  well  as  at 
angle,  during  the  trial  period. 

In  April  1944  a  new  draft  specification  called  for  the  subjee- 
tlon  of  tank  and  aircraft  plates  to  the  ballistic  tests.  Perfora¬ 
tion  limits  were  measured  and  overmatching  projectiles  were  fired 
against  samples.  Some  of  the  overmatching  tests,  viz.,  those  which 
had  not  been  performed  during  the  trial  period,  were  ignored  in 
giving  verdicts  on  plates  which  failed  and  such  plates  were  sub¬ 
jected  to  the  old  immunity  test.  Accaptance  was  carried  out  under 
this  specification,  with  minor  changes  in  detailed  perforation 
limit  requirements  up  to  the  time  of  the  writing  of  the  history 
which  has  been  summarized. 
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15.12  -  Acceptance  Tests  of  Heavy  Naval  Projectiles ( ? ) 

During  the  early  years  of  World  War  II,  the  British  Ordnance 
Board  came  to  the  conclusion  that  the  system  of  proof,  whereby  if 
one  shell  chosen  from  a  lot  of  400  shell  failed,  the  lot  would  be 
accepted  if  a  second  shell  succeeded  under  the  same  conditions, 
was  not  an  adequate  safeguard  against  inferior  shell  getting  into 
the  ehellroonis  of  the  ships. 

After  a  review,  the  Board  recommended  in  November  1943  that 

(a)  Two  shells  are  to  be  proved  from  each  lot  of  400} 

(b)  If  either  fails,  three  more  are  to  be  proved} 

(c)  If  one  of  the  five  is  a  failure,  an  investigation  into 
the  back  history  is  to  be  made  and  five  of  that  maker’s  next  lot 
are  to  be  proved; 

(d)  If  more  than  one  shell  out,  of  the  five  fails,  the  lot  is 
to  be  rejected  and  a  drastic  investigation  carried  out,  and  no 
further  lots  are  to  be  accepted  from  that  maker  until  there  is  con¬ 
crete  evidence  that  the  trouble  has  bo^n  located  and  eliminated} 

(e)  Until  a  firm  has  shown  that  it  is  reliable,  two  shells 
from  each  lot  should  be  sectioned  for  a  complete  metallurgical 
examination;  and 

(f)  The  firm  should  keep  complete  records  of  the  manufacture 
of  all  shell;  these  are  to  be  available  to  the  proof  organization. 

Certain  objections  to  these  proposals  were  raised  by  the  firms 
and  in  January  1944  the  Board  stated  that  the  fundamental  objection 
(that  long  delays  in  manufacture  and  supply  would  necessarily  result) 
did  not  appear  to  be  correct  unless  a  large  proportion  of  the  shell 
brought  forward  for  proof  was  incapable  of  passing  the  specification 
tests. 

The  Board's  idea  was  that  the  Heavy  Shell  Sub-committee  would 
learn  how  to  make  good  shells  and  that  a  specification  with  which  a 
good  shall  could  comply  would  be  determined.  They  recommended  that, 


XT) 


"Report  of  the  President  of  the  Ordnance  Board  (Great  Britain) 
1941-1945,"  pp  297-301. 
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when  that  had  been  done,  approval  of  the  proof  organization  must 
be  given  for  the  composition  of  the  steel,  the  processes  of  manu¬ 
facture,  the  hardness  gradients,  and  the  design  of  the  shell.  Com¬ 
plete  history  sheets  of  each  shell  and  cap  should  be  available, 
hardness  tests  should  be  taken  over  the  whole  of  the  shell  from 
tip  to  base,  and  of  each  cap,  and  two  shells  per  400  should  be 
sectioned  and  tested  for  hardness  over  the  area  of  the  sections. 

It  was  next  proposed  that  acceptance  of  heavy  shell  should  be. 
based  entirely  on  tests  of 

(a)  Chemical  analysis  of  heats  of  steel} 

(b)  External  hardness  (VDH)  on  every  shell} 

(c)  Internal  hardness  gradient  of  1/2  per  cent  of  the  shell 
by  sectioning; 

(d)  Magnetic  crack  detection  on  all  shells}  and 

(e)  Identical  tests  on  caps. 

Methods  of  manufacture  were  to  be  open  to  inspection  and  to  be 
fully  recorded  for  each  shell.  As  a  cheek  on  the  above  specifica¬ 
tion  requirements,  1/2  per  cent  of  the  shell  would  be  held  for 
firing  trials  to  provide  information  on  whether  the  expected  per¬ 
formance  was,  in  fact,  being  realized.  In  the  event  of  failures, 
an  investigation  into  methods  of  manufacture  could  be  made.  But, 
complete  control  of  manufacturing  methods  was  not  regarded  with 
favor. 

This  policy  was  approved  by  the  Board  since  the  Admiralty  was 
in  a  much  better  position  to  specify  methods  of  manufacture  than 
it  had  been  in  1939}  the  Armament  Design  Department  and  the  Arma¬ 
ment  Research  Department  were  now  well  qualified  to  give  technical 
advice  on  AP  shell  problems,  the  Heavy  Shell  Sub-committee  was 
actively  Investigating  the  qualities  of  the  best  possible  piercing 
shell,  and  the  Royal  Ordnance  Factory  had  been  shown  capable  of 
setting  an  excellent  standard  in  the  manufacture  of  15-inch  shell. 

In  September  1945 >  the  firms  had  agreed  to  cooperate  in  working 
out  the  new  procedure  for  acceptance  of  heavy  projectiles.  The 
firms  suggested  that  each  manufacturer  should  produce  shell  accord¬ 
ing  to  approved  samples.  It  was  pointed  out  by  the  proving  organi¬ 
zation  that  the  principle  of  the  proposed  new  procedure  was  based 
on  sufficient  knowledge  to  specify  the  optimum  characteristics  of 
all  shell  for  a  given  performance.  If  the  characteristics  were  ob¬ 
tained  by  different  methods  and  the  results  achieved  differed,  it 
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was  the  intention  that  the  methoda  of  manufacture  ahould  be  brought 
into  line  rather  than  have  the  specification  altered  to  suit  exist¬ 
ing  methods  of  manufacture. 
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Section  15.1  -  Choice  of  Teats  and  Test  Conditlona 
Basic  Material 


1.  W.  L.  J.  Pomfret,  "The  History  of  Specification  I.T.  70 
for  the  Manufacture  and  Testing  of  Rolled  Homogeneous  Hard 
(Non-Machineable)  Armor  up  to  14-mm  Nominal  Thickness," 

MOS}  Permanent  Records  of  Research  and  Development  5.003 
(Aug  1947). 

2.  "Report  of  the  President  of  the  Ordnance  Board  (dreat  Britain) 
1941-1945,"  pp  271-272,  297-301. 

3.  "Report  of  the  President  of  the  Ordnance  Board  (Great  Britain) 
1946, "  pp  74,  77. 

4.  "Results  of  the  Homogeneous  Aircraft  Armor  Development  Pro¬ 
gram,  "  Naval  Proving  Ground  Report  11-43  (Jun  1943). 

5.  "Ballistic  Testing  of  Armor,  Rev  A,"  Naval  Proving  Ground 
Report  21-43  (Apr  1944). 

6.  H.  H.  Zornig,  N.  A.  Matthews,  and  C.  Zener,  "Armor  Plate 
Ballistic  Testing, "  Watertown  Arsenal  Report  WAL  710/685 
(Aug  1944). 

7.  A.  Hurlich,  "Development  of  Non-ballistic  Tests  of  Armor  at 
Watertown  Arsenal  1940-1945,"  Watertown  Arsenal  Report  WAL 
710/793  (May  1946). 


Related  Material 

1.  W.  N.  Hindley,  "Quality  Control  of  SAAP  Bullet  Cores," 
Armament  Research  Department/MET  9/45  (Feb  1945). 

2.  A.  J.  Herzig,  "Report  of  Investigations  Conducted  at  the 
Laboratory  of  the  Climax  Molybdenum  Company  in  Connection 
with  Heat  Treatment  of  Armor  Piercing  Shot,"  Reports  L147- 
L149  (1942). 

3.  "Investigation  Into  the  Possibility  of  Replacing  Plate  Proof 
of  Shot  by  Laboratory  Tests,"  British  Ordnance  Board  Proceed¬ 
ings  19,063  (Aug  1942). 
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Related  Material  (Cont'd) 

4.  H.  F.  Brown,  "The  History  of  90  ram  Armor  Piercing  Projectiles 
(Steel)  Development,"  Office,  Chief  of  Ordnance  (Aug  1945). 

5.  "Bibliography  on  Armor,  Armor  Piercing  Projectiles  and  the 
Welding  of  Armor  -  Vol  1,"  Watertown  Arsenal  Report  WAL  900/97 
(Apr  1945). 
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Section  15.2 


Proof  Firing  for  Acceptance  of  Armor 


To  determine  the  ability  of  a  plate  to  resist  (a)  penetration, 
(b)  spalling,  and  (c)  cracking,  three  types  of  ballistic  tests  are 
used.  In  the  first  type,  a  determination  is  made  of,  the  ballistic 
limit  of  the  plate;  in  the  second,  projeotiles  are  fired  at  veloci¬ 
ties  above  the  limit  to  determine  whether  an  excessive  amount  of 
armor  is  thrown  from  the  back  face;  and  in  the  third,  a  large  pro¬ 
jectile  or  slug  is  used  to  provide  shock  and  thus  test  the  plate's 
resistance  to  cracking.  Each  of  these  types  is  diseusced. 


by  R,  J,  Emrich 
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Sec.  15.2  -  Proof  Firing  for  Acceptance  of  Armor 

Pour  criteria  for  the  choice  of  an  acceptance  test  or  test 
conditions  were  discussed  in  the  previous  section.  Since  it  is 
usually  impossible  to  satisfy  all  four  criteria  simultaneously, 
an  essential  part  of  the  problem  in  setting  up  a  test  is  to  decide 
on  the  relative  importance  of  the  various  factors.  Since  this  may 
vary  from  one  acceptance  problem  to  the  next,  it  is  difficult  to 
establish  a  general  basis  for  acceptance  which  will  apply  to  all 
cases.  A  discussion  of  such  a  basis  can  be  useful,  however,  even 
though  exceptions  are  advisable  in  practice. 

Except  where  noted,  the  present  section  reviews  a  system  pro¬ 
posed  by  Watertown  Arsenal(i)  for  the  acceptance  of  armor  for  air¬ 
craft,  tanks,  and  other  armored  vehicles.  The  significant  part  of 
the  proposal  is  the  stress  laid  on  measurements  which  distinguish 
among  different  modes  of  failure  and  which  emphasize  characteristics 
inherent  in  the  armor  and  controllable  in  manufacture.  The  spirit 
of  the  proposal  is  expressed  in  the  introduction  of  the  subject  re¬ 
ports  "Considerable  progress  has  been  made  during  World  War  II  in 
an  improvement  in  armor  quality  and  also  in  an  understanding  of 
the;:  mechanics  of  how  armor  functions.  It  is  believed  that  still 
further  improvement  in  armor  quality  may  be  obtained  if  this  under¬ 
standing  of  the  mechanics  of  armor  is  utilized  in  establishing  a 
rational  lasts  for  the  ballistic  specifications  of  armor.  An  at¬ 
tempt  is  made  to  establish  such  a  basis." 

15.21  -  Basis  for  Armor  Testing 

It  is  generally  accepted  that  good  armor  must  possess  three 
characteristics t 

(a)  Resistance  to  penetration.  The  primary  function  of 
armor  is  the  protection  of  men  and  material  behind  it  and  it  must 
first  of  all  prevent,  as  far  as  possible,  the  perforation  by  enemy 
missiles. 

(b)  Resistance  to  spalling.  There  should  be  no  pieces  thrown 
from  the  plate  into  the  protected  area. 

(c)  Resistance  to  cracking.  The  plate  should  not  crack  or 
break  up.  Even  when  the  crack  Is  not  severe,  the  plate  will  be 
unable  to  euetair.  further  attack;  if  the  plate  is  an  integral  part 
of  any  framework,  the  etructure  will  be  weakened. 


TTTirr  Zornig,  N.  A.  Matthews,  and  C.  Zener,  "Armor  Plate  Bal¬ 
listic  Tasting,"  Watertown  Arsenal  P.eport  WAL  710/685  (Aug  1944). 
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These  are  useful  designations,  not  only  because  they  correspond 
to  different  types  of  damage,  but  also  because  they  represent  dif¬ 
ferent  modes  of  failure  which  can  be  related  to  controllable  physi¬ 
cal  characteristics  of  the  armor. 

Thus,  the  first  requirement  stipulated  for  a  ballistic  test 
is  that  it  be  able  to  measure  one  of  these  qualities  and  that  it 
be  sensitive  to  the  factors  controlling  the  corresponding  mode  of 
failure.  The  second  requirement,  taken  to  be  of  equal  importance 
with  that  of  the  first,  is  simplicity  and  reproducibility.  Ap¬ 
proximation  to  service  conditions  is  relegated  to  a  secondary  role, 
while  the  requirement  that  the  armor  be  tested  near  its  limit  of 
performance  is  automatically  taken  care  of  by  the  suggestion  that 
the  resistance  to  penetration  be  measured  by  the  determination  of 
a  limit  velocity. 

The  first  requirement  will  be  considered  later.  For  the  re¬ 
quirement  of  reproducibility  it  is  recommended  that  tests  be  car¬ 
ried  out  under  controlled  conditions  at  a  proving  ground,  that  the 
projectile  be  non-yawing,  and  that,  except  in  tests  for  cracking, 
a  nondeforming,  monobloc  projectile  be  used  whenever  feasible. (<) 

A  cap  is  considered  an  undesirable  feature  since  it  "introduces  a 
variable  factor  over  which  the  test  range  has  no  control." 

For  simplicity,  as  well  as  reproducibility,  it  would  be  de- 
sireable  to  have  all  tests  conducted  with  impacts  at  normal  inci¬ 
dence.  The  reasons  for  this  are  that  small  Variations  from  the 
specified  Angle  of  incidence  affect  results  to  a  muoh  greater  ex¬ 
tent  at  obliquities  than  at  normal,  that  the  effects  of  random  yaw 
are  more  pronounced  at  obliquities,  and  that  the  likelihood  of  pro¬ 
jectile  deformation  and  fracture  is  less  at  normal,  With  respect 
to  simplicity,  it  is  also  noted  that  normal  impact  firing  is  some¬ 
what  easier  with  regard  to  mounting  of  the  plates  and  the  inter¬ 
pretation  of  ballistic  impacts.  These  advantages  are  undoubtedly 


There  are  many  oases  in  which  a  raonobloc  projectile  Is  not  used 
in  practice.  It  would  certainly  not  be  feasible  to  use  such  a 
projectile  against  face-hardened  plate  since  it  would  invariably 
shatter  and,  consequently,  produce  very  erratic  results.  Jacketed 
caliber  .30  and  .50  projectiles  are  used  at  normal  obliquity  in 
testing  light  armor. 

In  cases  where  nondeforming  projectiles  cannot  be  used,  a  special¬ 
ly  prepared  batch  of  projectiles  is  often  maintained  at  the  prov¬ 
ing  ground.  These  projectiles  are  prepared  under  especially  well 
controlled  conditions,  are  tested  for  uniformity  by  pertinent  non- 
bellietic  teste,  and  are  subject,  through  large  samples,  to  a  more 
thorough  ballistic  test  than  is  feasible  in  regular  projectile 
acceptance  testing. 
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real}  they  are  often  obtained,  however,  at  the  expense  of  the 
requirement  that  the  test  should  approximate  service  conditions. 

The  reasoning  behind  the  suggestion  is  that  qualities  which  are 
responsible  for  poor  behavior  at  obliquities  can  be  tested  at 
normal  without  the  necessity  of  obliquity  firing.  This  is  an 
important  point,  but  one  which  needs  further  investigation.  At 
present,  many  acceptance  tests  are  carried  out  at  oblique  im- 
pact. (3; 

15.22  -  Resistance  to  Penetration 

Aside  from  the  function  of  face  hardened  plate  to  deform 
the  projectile  and  thereby  dissipate  its  energy, (4)  and  the 
function  of  any  plate  to  deform  or  deflect  the  projectile  upon 
high  obliquity  impact,  the  chief  property  of  armor  in  resisting 
penetration  is  absorption  of  energy  through  its  own  plastic  de¬ 
formation.  (5 )  The  characteristics  of  the  plate  material  which 
affect  its  capacity  to  absorb  energy  through  plastic  deformation 
are  customarily  described  ass 

(a)  Resistance  to  plastic  deformation, 

(b)  Resistance  to  instability  of  homogeneous  deformation, 

(c)  Freedom  from  laminations,  and 

(d)  Ductility, 

The  general  nature  of  the  plastic  deformation,  and  therefore 
the  resistance  to  penetration,  depends  upon  whether  and  at  what 
stage  of  the  penetration  homogeneous  deformation  becomes  unstable. 
Once  such  instability  has  set  in,  a  plug  is  formed,  thereby  al¬ 
lowing  the  projectile  to  pass  through  more  freely j  the  penetration 
resistance  is  lowered  (Figures  2.1-12,  2.1-13,  2,1-14»  2.1-15, 

2. 1-16). (5)  Since  not  all  the  factors  affecting  the  instability 
of  homogeneous  deformation  are  understood,  an  adequate  nonballistic 
test  cannot  be  made  for  this  quality. 

(3) see  Parts  I  and  II  of  Appendix  A. 

(4) To  assure  that  face-hardened  armor  can  perform  this  function, 
it  is  required  that  the  nose  of  a  standard  test  projectile  be 
deformed  by  a  specified  amount. 

(5 )  A  more  complete  discussion  of  the  mechanism  of  perforation  is 
givsn  in  .Chapter  2,  Frankford  Arsenal  Report  R-902,  "Mechanism 
of  Armor  Penetration,"  by  R.  B.  Sawyer,  Feb  1951.  Figures 
listed  hers  are  found  in  this  report. 
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The  presence  of  laminations  and  the  absence  of  ductility, 
since  they  lead  to  spalls  and  cracks,  lower  the  resistance  to 
penetration  by  permitting  the  plate  material  to  make  room  for 
the  projectile  without  undergoing  the  normal  amount  of  plastic 
deformation  (Figures  2.1-8,  2.1-9,  2.1-11). (5)  These  two  quali¬ 
ties  are  examined  in  special  tests  (spalling  and  cracking  tests, 
respectively). 

The  Watertown  Arsenal  report (l)  remarks  that  "the  concept 
of  resistance  to  penetration  is  not  without  ambiguity,  and  there¬ 
fore  any  test  which  is  devised  to  measure  it  is  somewhat  arbi¬ 
trary.  The  ambiguity  in  the  concept  of  resistance  to  penetration 
arises  from  the  wide  variety  of  conditions  of  attack  to  which 
armor  is  subjected.  That  combination  of  qualities  which  enables 
armor  best  to  resist  penetration  under  one  type  of  attack  is  not 
necessarily  the  same  combination  which  enables  it  best  to  resist 
penetration  under  another  set  of  conditions.  The  most  that  can 
be  expected  of  a  single  method  of  testing  for  resistance  to  pene¬ 
tration  is  that  the  test  be  sufficiently  sensitive  to  all  four 
resistance  qualities  so  that  any  gross  failings  in  any  one  quali¬ 
ty  will  be  reflected  in  the  test.W  Since  the  qualities  (6)  and 
(d)  (freedom  from  laminations,  and  ductility)  have  special  ballistic 
tests,  it  is  desirable  that  the'  resistance  to  penetration  test  be 
especially  sensitive  to  the  first  two  qualities." 

Type  of  Test 

It  is  suggested  that  for  firings  at  normal  impact  the 
"Navy"  ballistic  limit  is  preferable  to  that  of  the  "Army"  as  a 
measure  of  resistance  to  penetration. (7)  The  "Navy"  limit  is  the 
minimum  striking  velocity  required  for  the  projectile  or  major 
portion  thereof  to  pass  entirely  through  the  plate,  while  the 
"Army"  limit  requires  only  that  the  tip  of  the  projectile  be  seen 
from  the  back  side  when  the  projectile  remains  in  the  plate  or  that 
a  pinhole  of  light  be  seen  when  the  projectile  has  been  ejected. 

The  reason  for  favoring  the  "Navy"  limit  is  that  it  is  considered 


{iJloc  cit 

(5) loo  cit 

(6) jhe  assumption  is  that  service  use  is  never  restricted  to  u 
definite  type  of  attack.  The  extent  to  which  this  is  true  will 
vary  with  the  intendod  use  of  the  plate. 

(7) a  description  of  the  different  types  of  ballistic  limit,  methods 
of  measurement,  and  means  of  averaging  statistical  fluctuations 
in  results  is  contained  in  an  Appendix  to  Chapter  3,  Frankford 
Arsenal  Report  R-903.  See  also  "Definitions  of  Terms  Used  in 
Ballistic  Testing  of  Armor  -  Rev  B, "  Naval  Proving  Ground  Report 
10-4$  (Jun  194$). 
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to  be  more  sensitive  to  changes  in  the  plate  qualities  under  test, 
since  these  changes  greatly  affect  the  behavior  of  material  near 
the  back  face. 

"(i)  The  resistance  to  plastic  deformation  of  the  material 
near  the  back  of  the  plate  affects  the  'Navy1  ballistic  limit  much 
more  than  the  'Army'  ballistic  limit. 

"(ii)  The  tendency  for  instability  of  homogeneous  deformation 
does  not  appreciably  affect  the  ’Army*  ballistic  limit  while  it 
greatly  modifies  the  ’Navy’  limit. 

"(iii)  An  increase  in  hardness  lowers  the  ductility  of  the 
back  fibers  of  the  plate,  thereby  lowering  the  bulging  at  the  back 
of  the  surface  before  light  is  transmitted  or  the  nose  of  the  pro¬ 
jectile  appears,  and  therefore  such  an  increase  in  hardness  has  a 
greater  effect  upon  the  'Navy*  than  upon  the  'Army1  limit.” 

This  disadvantage  of  the  ’’Army”  limit,  that  it  is  less  sensi¬ 
tive  to  the  qualities  under  test,  would  also  apply  to  the  "immunity” 
type  test  in  which  it  is  merely  required  that  the  plate  not  be  per¬ 
forated  by  a  given  projectile  fired  at  a  specified  velocity  and 
obliquity. 

Although  a  review  of  specifications  reveals  that  an  immunity 
test  is  commonly  used  in  practice,  this  is  undoubtedly  because  of 
its  greater  simplicity,  which  is  particularly  important  in  the 
ease  of  heavy  armor.  It  is  interesting  to  note,  in  this  respect, 
that  there  is  available  a  method  for  calculating  a  "Navy"  limit 
for  normal  impact  with  data  obtained  from  a  single  shot. (8)  This 


TsTiT  is  believed  that  this  method  was  first  suggested  by  the 
0.  S.  Navy.  It  was  later  used  and  developed  by  other  orga¬ 
nizations  as  well.  A  few  references  to  this  method  are  the 
following! 

"Definitions  cf  Terms  Used  in  Ballistic  Testing  of  Armor  - 
Rev  B,"  Naval  Proving  Qround  Report  10-46  (Jun  1946). 

6.  R.  Irwin,  "Ninth  Partial  Report  on  Light  Armor,"  Naval 
Research  Laboratory  Report  0-1778  (Sep  1941). 

"The  Ballistic  Properties  of  Mild  Steel,  Including  Pre¬ 
liminary  Teste  of  Armor  Steel  and  Dural,"  Office  of  Scientific 
Research  and  Development  Report  1027,  NDRC  A-lll  (Nov  1942). 

C.  H.  Fletcher,  H.  Davis,  end  C.  W.  Curtis,  "Measurement 
of  Projectile  Velocities  by  Double  Spark  Shadowgraphs,"  Office 
of  Scientific  Research  and  Development  Report  4829e,  OTB-8e 
(Mar  1945). 
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method  consists  of  firing  one  or  more  rounds  at  velocities  esti¬ 
mated  to  be  a  little  above  the  perforation  limit  velocity,  and 
measuring  the  residual  velocity  of  the  projectile.  The  perfora¬ 
tion  limit  velocity  is  then  obtained  by  reference  to  experimentally 
established  relationships  between  the  perforation  limit  velocity 
and  residual  velocity.  This  method  would  reduce  the  number  of 
shots  required  in  obtaining  a  limit  over  the  number  needed  in  the 
"bracketing"  method,  but  would  make  the  measurements  on  each  shot 
more  complicated. 

Conditions  of  Test 

The  choice  of  normal  incidence  as  the  obliquity  for  test 
and  its  advantages  of  reproducibility  and  simplicity  have  already 
been  discussed.  There  remains  a  choice  of  projectile  caliber. 

That  the  rating  of  a  set  of  plates  may  depend  on  the  size 
of  the  test  projectile  is  evident  from  Figurs  15.2-1.  (Compare 
results  obtained  with  the  caliber  .30  and  caliber  .50  projectiles 
in  the  Brinell  hardness  range  above  350. )  In  this  figure  limit 
velocities  are  given  as  a  function  of  plate  hardness  for  plates  of 
the  same  metallurgical  quality.  Differences  in  hardness  were  ob¬ 
tained  by  differences  in  time  and  temperature  of  the  temper.  The 
optimum  hardness  increases  with  decrease  in  caliber;  for  the  cali¬ 
ber  .30  projectile  it  is  supposedly  at  a  higher  value  than  shown 
in  the  graph.  A  deterioration  in  metallurgical  quality  would  be 
reflected  mainly  in  a  shift  of  the  optimum  hardness  to  lower 
values. (9) 


The  method  recommended  for  choosing  the  projectile  cali¬ 
ber  to  be  used  in  an  acceptance  test  assumes  that  the  best  range 
of  hardness  and  possible  plate  quality  have  been  decided  upon  by 

(9)optimum  hardness  is  discussed  more  completely  in  Section  3.2  of 
Chapter  3»  Frankford  Arsenal  Report  R-903,  "Perforation  Limits 
for  Nondeforming  Projectiles,"  by  C.  ff.  Curtis  (Feb  1951).  For 
pertinent  references,  see< 

"Results  of  the  Homogeneous  Aircraft  Armor  Development 
Program,"  Naval  Proving  Ground  Report  11-42  (Jun  1943). 

"The  Penetration  of  Homogeneous  Light  Armor  by  Jacketed 
Projectiles  at  Normal  Obliquity,"  Naval  Proving  Ground  Report 
14-43  (Jul  1943). 

B.  R,  fijueneau  and  F.  C.  Albers,  "Metallurgical  Aspects  of 
Optimum  Ballistic  Properties  in  Homogeneous  Light  Armor,"  Naval 
Proving  Ground  Exp  Memo  1040-44  (Jun  1944). 

D.  G.  Sopwith,  "The  Optimum  Hardness  of  Homogeneous  Armor 
for  Resistance  to  Perforation  at  Normal  Attack  by  Projectiles 
of  Different  Sizes."  Armor  Piercing  Projectiles  Sub-committee 
Paper  80  (Sep  1944). 
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development  tests,  with  due  regard  to  expected  service  conditions. 
For  plates  of  acceptable  quality  it  would  then  be  possible,  by  ad¬ 
justing  the  ratio  of  plate  thickness  to  projectile  diameter,  to 
test  either  in  a  region  below  optimum  hardness,  where  duotile  per¬ 
forations  are  expected,  or  above  optimum  hardness,  where  nonduc- 
tile  perforations  should  occur.  It  is  suggested  that  tests  be  con¬ 
ducted  in  the  region  below  optimum  hardness.  Essentially,  the  test 
would  then  control  the  minimum  hardness  level,*  it  might  also  show 
excessively  poor  quality  due  to  lack  of  ductility  and  the  occur¬ 
rence  of  laminations,  but  would  be  relatively  insensitive  to  these 
factors.  Control  of  the  upper  limit  of  hardness  and  indication  of 
poor  ductility  and  flaws  is  then  left  mainly  to  spalling  and  crack¬ 
ing  tests. 


Projectiles  chosen  on  the  above  basis  would  usually  have 
a  diameter  less  than  the  thickness  of  the  plate  and  must  therefore 
have  a  relatively  high  striking  velocity  for  perforation.  A  sharp 

nose  would  be  required  to  avoid  projectile  deformation. 

Reduction  of  Data 

It  is  often  convenient  to  be  able  to  reduce  actual  limit 
velocities  to  values  corresponding  to  standard  thicknesses  of  plate 
or  to  interpolate  between  values  for  two  thioknesses.  Perforation 
formulas  for  correlating  limit  Velocities  with  plate  thicknesses 
are  discussed  in  Section  3.5  (Frankford  Arsenal  Report  R-903).  Of 
the  many  formulas  that  have  been  proposed,  the  simplest  for  inter¬ 
polation  is  a  linear  dependence  which  may  be  used  with  fair  success 
provided  the  range  in  plate  thickness  is  small. Nearly  as 
simple,  if  a  graphical  means  of  interpolation  is  employed,  is  to 
consider  the  logarithm  of  the  perforation  limit  velocity  a  linear 
function  of  the  logarithm  of  plate  thickness  and  to  make  a  plot 
on  log-log  graph  paper. (l) 

15.23  -  Resistance  to  Spalling 

Different  types  of  plate  fragments  may  come  off  the  back  of 
a  plate  during  impact.  One  type  of  fragment  (referred  to  in  15.22) 
is  caused  by  the  localization  of  shear  deformation  about  certain 
internal  surfaces.  Such  a  localization  is  caused  by  the  instability 

.  *  1  ■  l.f..--  »  »•  t  — 


TiJloc  cit 

(10) a.  V.  Hers hey,  "Ballistic  Summary  -  Part  I.  The  Dependence  of 
Limit  Velocity  on  Plate  Thickness  and  Obliquity  at  Low  Obli¬ 
quity,  "  Naval  Proving  Ground  Report  2-46  (Mar  1946). 
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of  homogeneous  shear  deformation  which  arises  after  a  slight  de¬ 
formation.  The  mechanism  of  this  type  of  failure  (discussed  in 
Section  2.1  of  Chapter  2) (5)  gives  rise  to  the  formation  of  plugs 
(Figures  2.1-12,  2.1-14,  and  2,1-15), (5)  and  to  the  wiping  off  of 
petals  (Figures  2,1-1  to  2.1-7  and  2.1-10), (5)  both  on  the  front 
and  back  faces. 

A  second  common  type  of  plate  fragment  is  associated  with 
a  lack  of  cohesion  across  planes  parallel  to  the  plate  surface. 

The  resulting  fragment  usually  takes  the  form  of  a  thin  disc  some¬ 
what  larger  than  the  diameter  of  the  projectile.  In  Naval  parlance 
this  is  called  a  "button.  "(H)  The  occurrence  of  such  fragments 
was  the  most  usual  cause  for  rejection  of  rolled  armor  during  World 
War  II. 

Another  type  is  mentioned  by  the  U.  S.  Naval  Proving  Ground  and 
is,  in  fact,  the  only  type  to  which  the  word  "spall"  is  applied.  This 
is  a  circular  cone  of  metal  with  a  base  several  times  that  of  the  pro¬ 
jectile  (Figures  2.1-8,  2.1-9,  2.1-11  and  2. 1-16). (5)  The  depth  of 
the  cone  usually  extends  through  the  entire  thickness  of  the  plate  and 
the  sides  have  a  rough  flaky  crystalline  appearance.  The  cause  of 
failure  is  not  explained. 

Type  of  Test 

The  spalling  characteristics  of  a  plate  are  tested  ballis- 
tically  in  the  projeotile-through-plate  (PTP;  test.  In  this  test  a 
projectile  is  fired  at  normal  incidence  with  a  velocity  considerably 
above  the  perforation  limit  velocity.  If  a  spall  exceeding  a  certain 
diameter  is  ejected  from  the  back  of  the  plate,  the  plate  fails  the 
test. 

Conditions  of  Test 

Several  factors  influence  the  tendency  of  a  plate  to  spall. 
The  greater  the  velocity  of  the  projectile,  the  greater  are  the  iner¬ 
tial  forces  tending  to  separate  the  spall  from  the  back  of  the  plate 
(see  Section  2.1,  Frankford  Arsenal  Report  R-902,  for  a  discussion  of 
the  mechanism  of  spall  formation).  Spalls  are  also  favored  by  a  blunt 


(5)loc  cit 

(11) "Definitions  of  Terms  Used  in  Ballistic  Testing  of  Armor  -  Rev  B, " 
Naval  Proving  Ground  Report  10-46  (Jun  1946), 
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ogive  and  by  an  increase  in  the  size  of  the  projectile.  Figures 
15.2-2  and  15.2-3  illustrate  how  the  tendency  to  spall  increases 
with  increase  in  velocity  and  with  increase  in  bluntness  of  ogive. 
These  pictures  show  only  the  formation  of  "buttons,"  but  it  is 
known  that  the  tendency  to  plug  also  increases  with  increase  in 
bluntneas  of  ogive. 

Certain  projectiles  which  have  in  the  past  been  used 
for  the  projectlle-through-plate  test  are  especially  unsuitable, 
in  particular  the  caliber  .30  AP  and  caliber  .50  AP  jacketed  core 
bullets.  On  the  one  hand,  the  unusually  long  pointed  ogives  of 
their  cores  require  a  high  striking  velocity  in  order  to  subject 
the  plate  to  a  severe  back  spalling  test.  On  the  other  hand,  their 
jacket  produoes  a  type  of  punching  at  high  velocities  which  may  dis¬ 
qualify  the  plate  on  the  criterion  of  exit  diameter,  but  which  is 
in  no  way  an  indication  of  surfaces  of  weak  cohesion  in  the  plate. 

No  other  caliber  ,30  or  caliber  .50  ammunition  is  produced  in  quan¬ 
tity;  Watertown  Arsenal  suggests  the  use  of  special  test  projectiles 
with  cores  of  blunter  ogive.  These  would  then  need  to  be  shot  at 
only  a  comparatively  low  velocity  in  order  to  differentiate  between 
plates  which  are  good  and  bad  with  respect  to  spalling  character¬ 
istics;,  at  the  low  velocity  the  jackets  would  be  less  likely  to 
form  their  type  of  punching.  Another  suggested  solution  is  to  pro¬ 
vide  special  test  projectiles  which  are  unjaoketed  and  have  a  blunt 
ogive. (12)  The  use  of  a  projectile,  such  as  the  20  mm  M75,  which 
yaws  excessively  and  does  not  remain  undeformed  is  not  recommended. 

15.24  -  Resistance  to  Cracking 

As  a  rule,  good  quality  armor  cracks  extensively  only  under 
unusual  conditions  of  impact.  It  is  particularly  likely  to  do  so 
if  the  plate  is  attacked  by  an  overmatching  projectile  at  high 
obliquity.  The  plate  then  resists  penetration  by  deflecting  the 
projectile  so  that,  roughly  speaking,  the  plate  reaction  is  in¬ 
dependent  of  the  initial  tangential  component  of  the  projectile 
velocity  (Figure  15.2-4).  The  plate  reacte  essentially  as  if 
it  were  struck  normally  by  a  projectile  with  90  degree  yaw  and 
a  lower  striking  velocity;  bending  occurs  with  the  back  face 
subjected  to  tension.  Fracture  is  likely. 

A  ballistic  shock  test  should  simulate  these  conditions, 
namely,  it  should  apply,  over  an  extended  area  of  the  face,  an 
impulsive  force  of  sufficient  magnitude  to  produce  bending; 


(12)j,  F'  Sullivan,  "Considerations  Preliminary  to  the  Develop¬ 
ment  of  Improved  PTP  Test  Projectiles,"  Watertown  Arsenal 
Report  WAL  762/320  (Jun  1945). 
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Q.  THE  INITIAL  REACTION 
FORCE  EXERTS  A  COUPLE 
VHICH  TURNS  THE  PRO¬ 
JECTILE  SO  AS  TO  LIE 
PARALLEL  TO  PLATE. 


b.  THE  PROJECTILE  PRESSES 
SIDEWISE  AGAINST  THE  PLATE. 


C.  ALL  THE  ENERGY  ASSO¬ 
CIATED  WITH  THE  VELOCITY 
COMPONENT  NORMAL  TO  THE 
PLATE  IS  ABSORBED  AS 
PLASTIC  DEFORMATION. 


Figure  .2— 1*.  Illustration  of  approximate  manner  in  which  undermatching 

plate  resists  penetration  at  high  obliquities 
(Taken  from  Watertown  Arsenal  Report  WAL  710/68?) 
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Types  of  Test 

At  one  time  or  another  four  different  types  of  tests  have 
been  used  to  evaluate  resistance  to  shocks (13) 

(a)  Repeated  Fire.  Light  armor  has  been  subjected  to  a 
5-  to  15-round  machine  gun  burst.  The  reviewer  has  seen  no  report 
discussing  this  test.  If  it  has  physical  significance,  which  seems 
doubtful,  it  is  extremely  difficult  to  see  how  it  can  be  made  re¬ 
producible, 

(b)  Explosion.  The  armor  is  impacted  with  fuzed,  high 
explosive  shell.  It  would  appear  that  an  Explosion  would  subject 
the  armor  to  the  required  bending.  Personnel  at  Watertown  Arsenal 
feel  that  such  a  test  is  not  reliable,  however,  because  of  the  ex¬ 
treme  sensitivity  of  such  shocks  to  the  time  of ^initiation  of  ex¬ 
plosion.  Furthermore,  a  German  laboratory  reports  that  the  resist¬ 
ance  of  armor  plate  to  a  contact  explosion  did  not  correlate  with 
resistance  to  cracking. (14, 15 ) 

(c)  Yaw  and  high  obliquity  impact.  Although  the  pres¬ 
ence  of  yaw  may  increase  the  tendency  toward  cracking,  yaw  is  hard 
to  control  in  routine  firing.  The  same  effect  may  be  produced  more 
simply  by  other  methods. 

One  such  method  is  to  use  a  relatively  large,  inert 
projectile  fired  at  a  high  obliquity  (usually  50  to  70  degrees  to 
plate  normal).  This  type  of  test  is  used  by  the  U,  S.  Navy  for 
testing  medium  and  heavy  armor.  It  has  the  advantage  that  the  armor 
is  tested  under  the  same  conditions  that  are  likely  to  lead  to  fail¬ 
ure  by  cracking  in  service, 

(d)  Slug.  Watertown  Arsenal  favors  the  use  of  soft, 
blunt  slugs  fired  at  normal  incidence.  Ball  ammunition  has  been 
used  for  the  same  purpose.  A  further  discussion  of  this  method 
follows . 


(13)  "Ballistic  Testing  of  Armor,  Rev  A,"  Naval  Proving  Ground 
Report  21-43  (Apr  1944). 

(14) a.  Krlsch,  "The  Formation  of  Plates  and  Plugs"  (German  Trans¬ 
lation),  British  Intelligence  Objectives  Sub-committee/Or 
2/HEC/4521/5489/301  ( 1943 ) . 

(15) Dean  and  Sneddon,  "The  Problem  of  Discing  of  Armour  Plates," 
Armament  Research  Department/THE  Report  36/44  (Aug  1944). 
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Conditions  for  test  with  soft  slug 

It  is  suggested  by  Watertown  Arsenal  that  the  force  on 
the  face  of  the  plate  must  not  be  so  localized  that  its  associated 
energy  is  used  to  form  partial  or  complete  holes,  as  are  produced 
by  armor  piercing  projectiles.  The  pressure  must  be  distributed 
over  an  area  having adiameter  at  least  equal  to  the  plate  thickness. 

In  order  that  such  a  pressure  distribution  be  obtained  at  normal 
incidence  it  is  desirable  that  the  testing  projectile  have  a  flat 
nose  or  truncated  ogive.  However,  the  use  of  a  flat  nose,  projec¬ 
tile  introduces  the  possibility  of  a  new  type  of  plate  reaction, 
namely,  the  formation  of  a  plug.  This,  however,  can  be  avoided 
if  the  projectile  is  sufficiently  soft  to  mushroom  and  is  fired 
at  a  velocity  which  is  carefully  chosen.  A  projectile  with  low 
resistance  to  its  own  deformation  wil]  exert  a  nearly  constant 
force  for  an  appreciable  time,  and  during  this  time  the  bending 
moment  applied  to  the  plnte  will  steadily  rise,  while  the  shearing 
stress  in  the  plate,  which  would  produce  a  plug,  remains  constant. 

It  was  felt  that  the  physical  picture  of  shock  testing 
by  this  method  was  sufficiently  complete  to  allow  the  proposal 
of  a  formula  relating  the  parameters  involved.  The  fundamental 
principle  of  this  formula  is  that  the  test  projectile  should  be 
fired  just  under  the  velocity  which  will  give  rise  to  a  plug.  The 
force  exerted  by  the  soft  projectile  will  be  roughly  proportional  to 

[(T.S.)proJ  ♦  PV2]sd2 

where  (T.S. )proj  is  the  numerical  value  for  the  tensile  strength  of 
the  projectile  material}  p  is  the  density  of  the  projectile  material? 

V  is  the  striking  velocity,  and  d  is  the  projectile  diameter.  This 
force  is  to  be  just  insufficient  to  cause  a  shear  failure  of  the  plate 
material,  and  in  the  critical  case  (the  shear  strength  being  about 
one-half  the  tensile  strength)  the  forces  may  be  equated.  Whence, 


(T.S.  )proJ  *  PV2  *  P  (T.S.  )pj  (j) 


where  t  is  plate  thickness,  and  (3  a  numerical  constant  with  a  value 
of  approximately  4,  which  is  determined  by  experimental  firing. 

The  test  consists  in  firing  the  slug  at  the  appropriate 
striking  velocity,  and  inspecting  the  plate  to  see  that  no  cracks 
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appear  with  a  length  greater  than  a  stated  amount.  This  test ( 16) 
is  being  used  for  the  acceptance  of  welded  plate. 


(^Specification  MIL-A-11356B,  "Armor,  Steel,  Cast,  Homogeneous; 
Combat-Vehicle-Type  (1/4  to  12  inches,  Inclusive),”  2  Jan  1953. 
(See  Part  II,  Appendix  A. ) 
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Section  15.3 


Nonballlstlc  Tests  of  Armor 


High  hardness  does  not  insure  a  high  ballistic  limit.  Fiber 
fracture,  Charpy,  and  reduction  in  area  teats,  as  well  as  other 
measures  of  mechanical  properties,  have  been  suggested  as  means 
of  revealing  the  tendency  of  armor  to  spall  or  crack.  These  and 
additional  tests,  such  as  radiographic  and  sonic  methods  of  exami¬ 
nation,  are  described. 


by  R,  J.  Emrich 
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Sec.  15.3  -  Nonballistlo  Tests  of  Armor 

One  of  the  Important  changes  In  attitude  during  World  War  XX 
was  that  taken  toward  the  nonballistic  testing  of  armor.  At  the 
beginning,  nonballistic  tests  were  regarded  with  almost  complete 
lack  of  confidence?  toward  the  end  of  the  war  they  were  sometimes 
used  in  the  evaluation  and  interpretation  of  ballistic  results. 

As  previously  stated,  however,  they  are  still  by  no  means  regarded 
as  infallible.  The  present  situation  is  summed  up  in  a  report^l) 
reviewing  developments  at  Watertown  Arsenal  from  1940  to  1945 i 
"An  increasing  tendency  to  rely  upon  the  results  of  nonballistic 
tests  to  evaluate  the  ballistic  characteristics  of  armor  has  been 
established  during  the  last  years  of  World  War  II.  It  is  hoped 
that  further  research  will  result  in  the  development  of  more  pre¬ 
cise,  quantitative,  and  informative  nonballistic  tests  for  armor 
materials. " 

Nonballistic  tests  are  of  two  general  types:  (a)  those  me¬ 
chanical  tests  which  subject  the  armor  to  a  deformation  somewhat 
similar  to  the  deformation  caused  by  projectile  impact,  and  (b) 
tests  of  factors  such  as  composition,  treatment,  and  homogeneity 
of  material,  which  have  been  found  to  affect  ballistic  behavior. 
The  latter  type  of  test  is  employed  chiefly  to  insure,  as  far  as 
possible,  that  all  plates  of  a  lot  have  uniform  characteristics 
and  ballistic  properties  at  least  equivalent  to  the  samples  chosen 
for  ballistic  testing.  The  former  type  of  test  has  been  investi¬ 
gated  in  the  hope  that  ballistic  quality  could  be  assessed  without 
having  to  resort  to  firing  tests. C2)  This  section  will  be  con¬ 
cerned  mainly  with  the  former  type  of  test  and  will  consider,  in 
order,  tests  which  correlate  with  (a)  resistance  to  penetration, 
(b)  resistance  to  spalling,  and  (c)  resistance  to  cracking. 

15.31  -  Resistance  to  Penetration 

Undoubtedly  the  most  widely  used  nonballistic  tests  of  armor 
are  hardness  by  indentation  (usually  Brinell),  resistance  to  im¬ 
pact  (V-notch  Charpy),  and  "itimate  tensile  strength.  It  hardly 


UTaT  Hurlich,  "Development  of  Nonballistic  Tests  of  Armor  at 
Watertown  Arsenal  1940-1945,"  Watertown  Arsenal  Report  WAL 
710/793  (May  1946).  This  is  a  companion  report  to  the  one  on 
ballistic  testing  reviewed  in  the  last  section.  These  two 
reports  form  the  basis  for  the  present  section. 

(2)r.  b.  Sawyer,  "Mechanism  of  Armur  Penetration,"  Frankford  Arsenal 
Report  R-902  (Feb  1951).  (See  discussion  of  static  punching  tests 
Section  2.2 . ) 
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needs  repeating  that  these  tests  of  resistance  to  plastic  deforma¬ 
tion  though  useful,  do  not  correlate  exactly  with  resistance  to 
penetration  by  a  projectile.  Reference  is  again  made  to  Figure 
15.2-1.  An  optimum  hardness,  with  drop  in  resistance  to  penetra¬ 
tion  beyond  this  value,  occurs  because  of  change  in  the  mode  of 
plate  failure.  For  a  particular  projectile  and  plate,  the  posi¬ 
tion  of  the  optimum  depends  on  the  number  and  size  of  the  imper¬ 
fections  present,  on  the  ductility,  and  on  the  tendency  of  the 
material  to  fail  by  inhomogeneous  shear.  None  of  these  is  meas¬ 
ured  by  hardness  alone.  At  a  constant  hardness  near  the  optimum 
value,  resistance  to  penetration  is  known  to  depend  on  chemical 
composition  and  probably  metallographic  structure. (3 ) 

Although  hardness  and  impact  resistance  (toughness)  are  not 
infallible  measures  of  resistance  to  penetration,  they  indicate 
one  of  the  most  important  factors  involved.  When  the  composition 
of  steel,  its  metallographic  structure,  and  its  soundness  are  held 
within  narrow  limits,  these  tests  can  provide  a  good  indication  of 
performance.  A  hardness  test  is  particularly  useful  since  it  is 
nondestructive  and  can  be  employed  for  testing  all  plates  produced. 

15.32  -  Resistance  to  Spalling 

It  has  been  known  for  several  years  that  laminations  and  segre- 
tations  of  nonmetallic  inclusions  are  the  primary  cause  of  backspal- 
ling  in  rolled  armor. (4)  Excessive  laminations  of  nonmetallic  in¬ 
clusions  in  armor  are  also  responsible  for  base  metal  cracking  during 


f3)por  ballistic  data  on  the  effect  of  carbon  content  of  steel  on 
the  perforation  limit  at  a  constant  hardness  level,  sees 
G.  R.  Irwin,  "Ninth  Partial  Report  on  Light  Armor,"  Naval 
Research  Laboratory  Report  0-1778  (Sep  1941)* 

"The  Penetration  of  Homogeneous  Light  Armor  by  Jacketed  Pro¬ 
jectiles  at  Normal  Obliquity,"  Naval  Proving  Ground  Report  14-43 
(Jul  1943). 

B.  R.  Queneau  and  F.  C.  Albers,  "Metallurgical  Aspects  of  Opti¬ 
mum  Ballistic  Properties  in  Homogeneous  Light  Armor,"  Naval  Prov¬ 
ing  Ground  Exp  Memo  1040-44  (Jun  1944). 

The  indications  are  that  the  deviations  from  direct  correlation 
with  hardness  are  small  bo  long  as  the  type  of  plate  failure  re¬ 
mains  ductile. 

(4)e,  L.  Reed,  "Correlation  of  Microstructure  and  Ballistic  Proper¬ 
ties  of  Armor  Plate,"  Watertown  Arsenal  Report  WAL  710/261  (Jul 
1933). 
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the  welding  and  flame  cutting  of  armor.  In  the  United  States,  the 
practice  of  certain  firms  in  correlating  ballistic  performance  of 
their  plates  with  the  appearance  of  fractures  induced  in  notched 
bend  specimens  cut  from  the  armor  after  heat  treatment  was  studied 
by  the  laboratory  at  Watertown  Arsenal,  and,  after  comparison  with 
other  types  of  test,  led  to  the  development  of  the  "fracture  test 
for  steel  soundness,"  This  test  is  required  in  the  current  Army 
specification^ )  for  acceptance  of  wrought  homogeneous  steel  armor 
for  thicknesses  of  1/4  to  12  Inches,  inclusive. 

The  fracture  test  is  very  simply  conducted.  Specimens  are 
flame  cut  from  heat  treated  slabs  of  armor,  notched  by  f,lame  cut¬ 
ting  in  from  the  middle  of  the  two  longer  sides,  and  broken  under 
a  press.  The  purpose  of  the  notches  is  to  localize  the  fracture 
in  the  plane  of  the  notches.  The  fractured  surface  is  then  ex¬ 
amined  and  rated  as  belonging  to  one  of  five  classifications, 
either  by  comparison  with  a  set  of  standard  photographs  or  ac¬ 
cording  to  a  description.  A  slow  break  is  somewhat  preferable 
to  a  fracture  produced  by  impact  because  the  laminations  generally 
split  open  more  definitely  during  the  slow  break.  Fracture  ratings 
which  accurately  reflect  steel  quality  result  only  when  the  armor 
is  heat  treated  so  as  to  break  in  a  completely  dectile  manner. 

When  laminations  of  nonmetallic  inclusions  exist  in  steel,  the 
path  of  the  fracture  will  preferentially  follow  the  laminations 
because  the  stress  required  to  rupture  the  weak  bond  between  the 
steel  and  the  nonmetallics  is  much  less  than  that  required  to  rup¬ 
ture  the  homogeneous  metal.  The  laminations  will  thus  open  up  and 
be  revealed  as  splits  or  shelves  on  the  fractured  surface.  With 
brittle  fractures,  on  the  other  hand,  no  preference  is  shown  for 
the  fraoture  to  follow  laminations. 

Various  other  tests,  including  hot  acid  macroetching,  magna- 
fluxing,  and  microscopic  examination,  were  applied  at  Watertown 
Arsenal  in  comparison  with  the  fracture  test  for  steel  soundness. 
Correlations  were  established  between  these  tests  and,  where  possi¬ 
ble,  with  projectile-through-plate  tests,  but  the  fracture  test  was 
considered  the  most  readily  applicable  as  a  quality  inspection  tool. 
The  hot  acid  maeroetch  test  requires  considerable  experience  for 
accurate  rating,  the  magnaflux  test  was  found  to  be  too  sensitive, 
and  microscopic  examination  suffers  from  the  drawback  that  only  a 
relatively  minute  area  is  examined  and  the  chance  of  having  non- 
representative  areas  is  great. 


^Specification  MIL-A-12560,  "Armor,  Steel}  Plate,  Wrought,  Homo¬ 
geneous;  Combat-Vehicle-Type  (1/4  to  12  inches,  Incl),  (9  Mar 
1953).  See  Appendix  A,  Part  I. 
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Oensamer  and  co-workers, (6)  at  the  Carnegie  Institute  of  Tech¬ 
nology,  undertook  to  find  a  correlation  between  transverse  tensile 
properties  of  the  plate  and  its  spalling  tendencies.  Investigation 
of  a  series  of  accepted  and  rejected  plates  showed  marked  deficien¬ 
cies  in  tensile  strength,  elongation,  and  reduction  in  area  in  the 
transverse  direction  of  spalled  plates.  Tests  showed  all  plates 
having  a  reduction  of  area  in  the  thickness  direction  in  excess  of 
30  per  cent  passed  the  ballistic  test,  and  ell  but  one  of  the  plates 
having  lass  than  10  per  cent  reduction  of  area  in  the  thickness  di¬ 
rection  failed  the  ballistic  test  by  back  spalling. 

This  work  was  continued  at  Watertown  Arsenal  in  a  more  exten¬ 
sive  program,  including  notched  bar  tensile  impact  tests  across  the 
thickness,  static  tensile  tests  across  the  thickness,  longitudinal 
and  transverse  tensile  tests,  and  fracture  tests.  The  results  showed 
that  the  reduction  of  area  in  the  static  tensile  test  across  the  gage 
(thickness)  of  rolled  armor,  in  general,  correlates  well  with  the 
back  spalling  tendency  of  the  armor.  The  notched  bar  tensile  impact 
test  across  the  gage  likewise  correlated  well  with  the  back  spalling 
characteristics  of  the  armor.  The  notched  bar  tensile  impact  tests 
taken  in  the  longitudinal  and  transverse  directions  showed  no  defi¬ 
nite  correlation  with  back  spalling  tendencies.  Similarly,  static 
tensile  tests  in  the  longitudinal  and  transverse  directions  did  not 
correlate  with  the  ballistic  properties.  The  results  of  the  fracture 
test  for  steel  soundness  correlated  well  with  the  back  spalling  charac¬ 
teristics  of  the  armor,  and  it  was  concluded  that  the  fracture;  test 
is  by  far  the  most  satisfactory  indicator  of  the  backs  palling  tendencies 
of  armor  and  the  test  most  applicable  as  a  quality  control  test  for  the 
following  reasons! 

(a)  Physical  tests  require  the  machining  of  relatively  expensive 
test  specimens.  The  fracture  te3t  specimen  can  be  prepared  very  quickly 
and  inexpensively, 

(b)  Tensile  tests  across  the  thickness  of  armor  are  limited  to 
plates  no  less  than  approximately  1  1/2  inches  thick  and  are  not  readily 
applicable  to  very  thick  armor.  The  fracture  test,  on  the  other  hand, 
can  be  applied  to  all  thicknesses  of  arnor. 


T^TmT  Qensamer  et  al,  "Final  Report  on  Nonballistie  Test  for  Armor 
Plates,"  Office  of  Scientific  Research  end  Development  Report  2041, 
M-87  (Nov  1943). 
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(c)  Sines  the  tensile  test  .is  limited  to  a  relatively  small 
eross-sectional  area,  the  results  of  the  test  may  be  misleading 
since  the  chance  of  having  a  nonrepresentative  area  included  in 
the  test  specimen  is  high.  The  fracture  test  in  macroscopic  in 
nature  in  that  a  large  cross-sectional  area  of  the  armor  is  ex¬ 
posed  for  examination, 

15.33  -  Resistance  to  Cracking 

Cracking  is  associated  with  the  perplexing  phenomenon  of  brit¬ 
tle  fracture  in  metals. (7)  The  concept  of  failure  by  brittle, 
rather  than  by  ductile,  process  has  been  introduced  by  Ludwig. 

The  flow  stress  is  the  stress  necessary  to  make  the  material  flow 
plastically.  It  depends  both  upon  the  transverse  components  of 
stress  and  upon  the  previous  strain  Id  the  material.  The  fracture 
stress  is  defined  as  the  stress  at  which  the  material  would  frac¬ 
ture  if  no  plastic  deformation  were  to  occur. (8)  The  fracture  stress 
appears  not  to  depend  upon  the  transverse  components  of  stress,  but 
like  the  flow  stress,  it  is,  in  general,  a  function  of  the  previous 
strain.  As  the  load  is  increased,  the  material  will  flow  plastically 
if  the  flow  stress  is  below  the  fracture  stress;  it  will  fracture  if 
the  reverse  is  the  case. 

The  flow  stress  of  steels,  all  of  the  same  hardness,  seems  to 
depend  little  on  metallurgical  structure,  while  the  fracture  stress 
is  markedly  affected  by  metallurgical  structure. (9)  Zornig,  Matthews, 
and  Zener  described  this  by  considering  the  two  extreme  cases  of  a 
pearlltie  and  of  a  tempered  martensitio  steel. (10)  In  the  former 
steel,  the  initial  fracture  stress  is  only  slightly  higher  (from  10 
per  cent  to  20  per  cent)  than  the  initial  flow  stress  for  the  case 
of  uniaxial  tension.  In  the  latter  steel,  the  fracture  stress  is 


TtTT  review  of  theoretical  and  experimental  work  in  this  field  is 
contained  in  the  Transaction  of  ASM,  Vol  40A  (194$). 

(^)This  definition  of  fracture  stress  is  a  useful  one  only  if  it 
is  possible  to  suppress  plastic  deformation  by  introducing  an 
embrittling  parameter,  such  as  a  lowering  of  temperature  or  the 
addition  of  a  transverse  biaxial  tension,  without  changing  the 
resistance  to  fracture.  Evidence  that  this  possibility  does  not 
exist  has  been  summarised  by  C.  Zener  in  Transactions  of  ASM, 

Vol  40A  (1948). 

(9)lhis  does  not  mean,  however,  that  the  flow  stress  is  not  sensi¬ 
tive  to  metallurgical  structure,  but  rather  that  the  hardness 
correlates  well  with  the  flow  stress. 

(10)h.  H.  Zornig,  N.  A.  Matthews,  and  C.  Zener,  "Armor  Plate  Ballis¬ 
tic  Testing,"  Watertown  Arsenal  Report  WAL  710/685  (Aug  1944). 
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essentially  independent  of  strain.  In  the  example  given,  the 
pearlitic  and  the  tempered  martensitic  steels  have  identical  prop- 
perties  as  measured  in  the  conventional  tensile  test  or  by  the 
conventional  hardness  machines.  They  no  longer  behave  identi¬ 
cally  when  a  transverse  constraint  is  imposed  which  prevents  any 
change  in  dimensions  along  one  transverse  direction,  as  is  the 
case  when  an  overmatching  projectile  strikes  a  plate  normally  with 
90  degrees  yaw  (as  is  essentially  the  situation  when  it  is  incident 
without  yaw  at  high  obliquity  -  see  Sec.  15.24  and  Figure  15.2-4). 
Such  a  restraint  raises  the  flow  stress.  According  to  von  Mises 
(or  the  octahedral  shear  stress  theory),  the  rise  will  be  16  per 
cent.  The  fracture  stress  remains  essentially  unaltered  by  this 
restraint.  Reference  to  Figure  15.3-1  shows  that  this  16  per  cent 
rise  in  flow  stress,  which  has  only  a  minor  effect  upon  the  strain- 
to-fracture  of  the  tempered  martensitic  steel,  has,  on  the  other 
hand,  a  drastic  effect  upon  the  strain-to-fracture  of  the  pearlitic 
steel.  In  the  latter  steel,  the  flow  stress  is  raised  above  or 
nearly  to  the  fracture  stress  at  zero  strain,  depending  upon  the 
precise  conditions,  ouch  as  strain  rate  and  temperature.  If  the 
strain  rate  is  sufficiently  high  or  the  temperature  sufficiently 
low,  the  transverse  restraint  will  raise  the  flow  stress  of  the 
pearlitic  steel  above  the  fracture  stress  at  zero  strain,  so  the 
steel  will  fraoture  brittlely  with  no  plastic  deformation. 

This  example  illustrates  what  has  been  verified  by  a  thorough 
correlation  study  of  ballistic  and  metallurgical  characteristics 
of  armor:  armor  can  successfully  withstand  severe  shock  conditions 
only  if  it  contains  no  pearlite.  (H)  The  effect  of  the  presence  of 
intermediate  structures,  such  as  bainite,  is  complicated  and  is  not 
well  understood. 

For  a  given  composition,  both  the  flow  stress  and  the  fracture 
stress  curve  of  a  tempered  martensitic  steel  rise  with  an  increase 
in  hardness.  The  flow  stress  curve  rises  faster  than  the  fracture 
stress  curve,  however,  so  the  strain  to  fracture  diminishes  with  an 
increase  in  hardness.  The  harder  a  steel  plate  is,  the  less  able 
it  is  to  withstand  shock  conditions. 

In  addition  to  the  metallurgical  structure  and  hardness  level, 
the  casting  and  forging  practice  also  may  affect  the  fracture  stress. 


HIST  Bolotsky,  "Historical  Review  of  the  Correlation  of  Ballistic 
and  Metallurgical  Characteristics  of  Domestic  Armor  at  Watertown 
Arsenal,"  Watertown  Arsenal  Report  WAL  710/795  (Dec  1945). 
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Figure  15,3-1.  Inter-relation  of  difference  between  behavior  of  tempered 
martensitic  and  pearlitlc  steels  under  shock  conditions 
(Ibken  from  Watertown  Arsonal  Report  WAL  710/685) 
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Thus,  nonmetallic  inclusions  in  a  rolled  plate  always  lower  the 
fracture  stress  along  an  axis  transverse  to  the  principal  direc¬ 
tion  of  rolling. 

The  shock  resistance  of  armor,  or  its  ability  to  deform  plasti¬ 
cally  at  high  rates  of  strain,  may  be  greatly  affected  by  tempera¬ 
ture  of  test,  dependent  upon  its  metallographic  structure.  Satis¬ 
factory  ballistic  test  behavior  at  normal  temperatures  does  not  pro¬ 
vide  assurance  that  the  armor  will  resist  brittle  failure  at  low 
temperatures. (11,12) 

A.  Hurlich,  Watertown  Arsenal,  has  developed  a  "fibre  fracture 
test"  as  a  measure  of  the  properties  of  steel  armor  to  withstand 
shock,  and  this  test  has  been  correlated  with  the  results  of  ballis¬ 
tic  shock  tests.  It  is  sufficiently  simple  so  that  it  may  be  ap¬ 
plied  in  the  production  shop  on  an  adequate  number  of  samples  to 
effectively  control  the  quality  of  the  armor  produced.  Ordinarily, 
the  detection  of  the  presence  of  high  temperature  transformation 
products  (pearlite  and  bainite)  in  sufficient  quantities  to  have  a 
deleterious  effect  upon  the  ballistic  properties  involves  laboratory 
techniques,  such  as  microscopio  examination  of  prepared  surfaces. 

The  fibre  fracture  test  merely  determines  ^whether  or  not  a 
sample  bar,  sawed  or  flame  out  out  of  armor  and  notched  by  a  saw 
or  cutting  torch,  fractures  in  a  brittle  or  ductile  manner  upon 
being  struck  with  a  falling  weight  or  a  forging  hammer.  The  frac¬ 
ture  is  examined  visually  and  is  characteristically  one  of  the 
following. 

(a)  Fibrous.  Characterized  by  a  nonreflecting  dark  gray, 
rough,  and  pitted  surface.  The  sides  of  the  fracture  show  the 
neeking-ln  associated  with  ductile  behavior. 

(b)  Crystalline,  Characterized  by  a  bright  silvery  sheen 
caused  by  reflections  from  facets.  The  surface  cf  the  fracture 
tends  to  be  flat  and  the  sides  undeformed.  The  fracture  appears 
brittle  in  nature. 

(c)  Mixed,  Part  of  the  surface  is  typically  fibrous,  with 
clearly  demarked  areas  typically  crystalline. 


(ll)Loc  cit 

(12/p,  7,  Riffin,  "Armor  Plate  -  Correlation  of  Metallurgical 
Properties  with  the  Low  Temperature  Ballistic  Shock  Charac¬ 
teristics  of  1"  to  2"  Low  Alloy  Cast  Armor  Tested  at  Camp 
Shilo,"  Watertown  Arsenal  Report  WAL  710/534  (Aug  1943). 
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These  characteristic  appearances  of  notched  and  fractured  steel 
samples  are  noticeable  as  well  in  Charpy  test  specimens  cut  from 
armor  plate,  and  the  type  of  fracture  is  well  correlated  with  the 
energy  absorbed  in  the  Charpy  test. 

The  correlation  of  the  fibre  fracture  test  results  with  the 
ballistic  shock  test  results  at  low  temperature  is  illustrated  by 
the  following  data. 


Table  15.3-1.  Results  of  Ballistic  Tests  for  Resistance  to  Shock 


Fracture  Rating 

No.  Tested 

Cast  Armor 

No.  Failed 

%  Failures 

Fibrous 

15 

0 

0 

Predominately  fibrous 
Mixed,  fibrous  and 

4 

1 

25 

crystalline 

10 

8 

80 

Predominately  crystalline 

22 

17 

78 

Crystalline 

23 

Rolled  Armor 

.  19 

83 

Fibrous 

17 

0 

0 

Predominately  fibrous 
Mixed,  fibrous  and 

5 

1 

20 

crystalline 

11 

2 

18 

Predominately  crystalline 

7 

5 

71 

Crystalline 

- 

m 

- 

As  may  be  seen  from  this  table,  the  requirement  that  the  frac¬ 
ture  be  completely  fibrous  will  probably  assure  good  ballistic  shock 
resistance,  even  under  cold  weather  conditions.  However,  the  re¬ 
quirement  is  more  critical  with  respect  to  the  inherent  ability  of 
the  material  to  deform  plastically  than  are  ballistic  shock  tests* 
The  fibre  fracture  test  is  most  useful  as  a  control  test  during 
production  in  evaluating  the  characteristics  which  determine  the 
resistance  of  the  armor  to  shock. 

The  Charpy  V-notch  impact  test  has  been  suggested  as  a  means 
of  evaluating  the  shock  resistant  properties  of  armor, (6)  and  its 
correlation  with  ballistic  shock  tests  has  been  demonstrated  both 


TS7 


Loc  cit 
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at  the  Carnegie  Institute  of  Technology  and  at  Watertown  Arsenal. (6 ) 
The  notched  bar  impact  properties  at  -40°  F  are  considered  a  better 
index  of  shock  resistance  of  armor  than  room  temperature  values.  The 
correlation  between  the  fibre  fracture  test  and  the  Charpy  test  is 
better,  however,  than  the  correlation  of  either  with  ballistic  shock 
tests. 

An  investigation  of  another  distinctive  type  of  fracture,  desig¬ 
nated  "conchoidal, "  was  made  at  Watertown  Arsenal.  The  conchoidal 
fracture  is  characterized  by  large  facets  and  smooth,  bright,  curved 
surfaces  dispersed  in  varying  amounts  throughout  an  otherwise  normal 
appearing  fracture  matrix.  The  fraoture  was  found  to  be  associated 
with  a  precipitate  at  the  prior  austenite  grain  boundaries  which 
causes  preferential  fracture  at  dendrite  grain  boundaries.  Very 
poor  shock  resistance  is  always  associated  with  the  conchoidal  frac¬ 
ture.  The  Battalia  Memorial  Institute  conducted  a  very  extensive 
investigation  of  the  phenomenon  and  found  that  the  conchoidal  frac¬ 
ture  is  caused  by  precipitation  of  aluminum  nitrides  at  primary 
austenite  grain  boundaries.  Faulty  deoxidation  and  poor  steel¬ 
making  practice  are  largely  responsible  for  conchoidal  fractures 
in'  production  armor.  This  particular  defect  was,  however,  quite 
rare,  being  largely  confined  to  the. output  of  only  one  or  two  com¬ 
panies. 

The  experience  of  German  armor  makers  during  the  second  world 
war  has  apparently  led  to  the  same  conclusions  on  nonballistic  meth¬ 
ods  of  testing  shock  strength.  Paraphrasing  a  translation  of  a  paper 
presented  at  a  conference  held  in  Berlins(l3)  "The  visual  inspection 
of  the  fracture  on  statically  broken  samples  of  heavy  armor  plates 
often  allows  a  better  prediction  of  the  behavior  under  fire  than  does 
the  numerical  value  of  the  standard  notch  impact  test.  The  subtle 
differences  in  the  appearance  of  the  fracture  are  scarcely  noticeable 
on  a  photograph,  so  I  shall  not  present  them  here. " 

15.34  -  Control  of  Uniformity:  Sampling  Procedure 

In  the  preceding  sections,  nonballistic  tests  which  correlate 
directly  with  ballistic  performance  have  been  discussed.  It  has  been 
mentioned  that  none  of  these  correlates  well  enough  with  ballistic  re¬ 
sults,  but  that  each  is  useful  in  (a)  sorting  out  distinctly  inferior 


(6)loC  cit 
(11)Loc  cit 

(13)3,  Houdremont,  "The  Strain  on  and  the  Properties  of  Armor  Plate 
Steele"  (German  Translation),  British  Intelligence  Objectives 
Sub-committee  report  /Or  2/HEC/4521/5489/9. 
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material  before  further  processing,  (b)  informing  the  manufacturer 
of  trouble  before  large  quantities  of  defective  produot  have  been 
produced,  and  (c)  helping  to  control  uniformity  of  the  produot  to 
add  to  tho  confidence  in  ballistic  tests  on  samples.  In  addition 
to  the  mechanical  nonballistic  tests,  other  information  is  recorded 
during  the  manufacture  of  armor  to  help  assure  that  the  finished 
batch  will  have  uniform  ballistic  properties.  The  effects  which 
variations  in  these  faotors  have  on  the  ballistic  performance  is 
not  well  understood,  and  the  following  is  a  list  of  the  factors 
whioh  have  been  seen  in  specifications  or  which  have  been  proposed. 

(a)  Chemical  analysis  of  steel. 

(b)  Heat  number  of  steel,  pouring  temperature,  ladle  addi¬ 
tions,  etc. 

(c)  Ingot  number,  position  in  ingot,  and  rolling  procedure 
or  casting  procedure. 

(d)  Heat  treatment. 

(e)  Visual  inspection  to  reject  plates  showing  cracks,  lami¬ 
nations,  inclusions,  or  ruptures  (particularly,  machined  or  ground 
edges  are  so  inspected), 

(f)  Radiographic  inspection  for  inclusions  and  voids 
(chiefly  castings). 

(g)  Sonic  testing.  The  Naval  Proving  Ground  has  made  some 
tests  with  the  Sperry  Supersonic  Refleotosoope,  whioh  detects  in¬ 
homogeneities  in  steel  by  noting  the  time  taken  for  a  sonic  pulse 
to  be  reflected  from  points  below  the  surface  of  the  material.  (H) 
Good  agreement  between  laminations  (revealed  as  large  by  the  re- 
flectoscope)  and  those  leading  to  degradation  of  ballistic  quality 
was  obtained  on  about  70  impaots.  If  future  results  substantiate 
this  agreement,  it  may  be  that  those  variations  in  ballistic  per¬ 
formance  which  are  caused  by  internal  defeots  or  nonuniformities 
can  be  rather  accurately  predicted  before  ballistic  testing  by 
careful  ultrasonic  examination.  The  Instrument  used  was  rather 
complicated  and  delicate,  and  its  continual  use  might  be  difficult 
under  conditions  necessary  for  the  testing  of  large  plates.  The 
instrument  cannot  be  effectively  used  on  plates  less  than  2  inches 
thick. 


Study  of  Nonuniformity  in  3.0  and  4.0  inch  Homogeneous  Armor, 
Naval  Proving  Oround  Report  11-46  (Jul  1946). 
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How  closely  each  or  any  of  these  factors  needs  to  be  control¬ 
led  to  provide  uniform  ballistic  properties  is  a  matter  of  judge¬ 
ment.  Reference  to  specifications  issued  by  the  Ordnance  Depart¬ 
ment  and  the  Bureau  of  Ordnance  will  indicate  the  limits  that  have 
been  set  in  specific  cases.  Examples  of  current  specifications  are 
included  in  the  appendix  to  this  chapter. 

The  realisation  that  manufacturing  conditions  play  an  uncon¬ 
trollable  part  in  determining  the  ballistic1  quality  of  armor  has 
led,  both  in  the  United  States  and  in  Great  Britain,  to  the  pro¬ 
cedure  of  "qualifying"  a  manufacturer  before  he  undertakes  the 
manufacture  of  large  quantities  of  armor,  This  procedure  oonsists 
i  .  having  the  manufacturer  produce  a  group  of  plates,  all  of  one 
thickness  and  size,  and  all  as  homogeneous  in  quality  as  possible. 

All  the  plates  are  then  subjected  to  both  ballistic  and  nonballistic 
tests  of  comparative  complexity  to  establish"  the  ability  of  the 
manufacturer  to  produce  a  satisfactory  and  uniform  product.  A  manu¬ 
facturer  must  "qualify"  for  each  type  and  each  thickness  of  armor 
he  intends  to  produce. 

S 

Acceptance  of  armor,  after  qualification,  is  then  based  on  non¬ 
ballistic  tests  performed  on  some  or  all  of  the  plates  of  a  lot  and 
ballistic  tests  on  samples  chosen  from  the  lot.  In  general,  a  lot 
consists  of  a  limited  weight  of  plates,  all  from  one  heat  6f  steel, 
all  of  the  same  thickness,  which  have  had  the  same  heat  treatment 
and  whioh  are  submitted  at  one  time.  Samples  are  selected  from  the 
lot  at  the  manufacturing  plant  by  a  government  inspector.  Sometimes 
complicated  sections,  such  as  castings,  are  not  themselves  sampled 
but,  rather,  a  ballistic  test  sample  of  convenient  size  and  shape  is 
produced  under  the  same  conditions.  The  percentage  of  the  lot  sampled 
varies,  but  is  usually  larger  than  one  plate  out  of  100. 
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Section  15. A 


Proof  Firing  of  AP  Projectiles 


Firing  trials  are  performed  mainly  for  three  purposes:  (a) 
to  determine  the  projectiles'  perforating  ability,  (b)  to  test 
cap  and  band  security,  and  (c)  in  the  case  of  APSE  projectiles, 
to  insure  that  the  projectiles  remain  in  an  effective  bursting 
condition  after  passing  through  the  plate.  , 

,  'i 


by  R.  J.  Emrlch 
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Sec  15.4  -  Froof  Firing  of  AP  Projectiles 

Except  for  a  few  general  remarks,  the  only  literature  on 
ballistic  acceptance  tests  for  projectiles  consists  of  specifica¬ 
tions  for  the  procurement  of  standard  designs. (1)  Although  such 
specifications  state  quite  explicitly  what  the  requirements  are  for 
certain  projectile  types,  it  is  not  their  purpose  to  Justify  the 
particular  test  conditions  stipulated.  No  report  giving  reasons 
or  a  general  basis  for  choosing  test  conditions  has  come  to  the 
attention  of  the  reviewer. 

It  is  clear  from  the  specifications,  however,  that  the 
tests  for  projectiles  are  of  a  slightly  different  nature  from  those 
for  armor.  Whereas  the  tests  used  for  accepting  armor  correlate 
closely  with  definite  qualities  of  the  plate,  acceptance  tests  for 
projectiles  are  concerned  primarily  with  end  results.  The  armor 
test  for  resistance  to  penetration  correlates  with  the  ability  of 
the  plate  to  resist  general  and  localized  plastic  deformation;  the 
test,  for  spalling  correlates  with  imperfections;  the  shock  test  cor¬ 
relates  with  the  ability  to  resist  cracking,  e.  g. ,  plate  brittle¬ 
ness.  Projectile  tests,  on  the  other  hand,  require  that  the  pro¬ 
jectile  perforate  a  given  plate  (or  set  of  plates)  under  certain 
specified  conditions  of  attack  and,  in  the  oase  of  an  AP  high  ex¬ 
plosive  (APHE)  projectile,  that  it  remain  in  an  effective  bursting 
condition.  Neither  of  these  tests  correlates  directly  with  a  defi¬ 
nite  physical  property  of  the  projectile. 

The  general  philosphy  of  projectile  testing  is  reflected 
by  the  following  quotation  from  a  report  of  the  President  of  the 
Ordnance  Board: v2j 

"1,  In  the  Development  of  A.P.  shot  the  Board  obtains  a  supply  of 
shot  made  by  the  best  known  methods  and  from  the  best  available  ma¬ 
terials  by  the  most  reliable  producer. 

"When  the  development  trials  are  complete,  and  a  design  ap¬ 
proved,  these  best  quality  shot  are  used  by  the  Board  for  deter¬ 
mining  proof  conditions. 


(1) por  examples  of  specifications.  See  Appendix  A,  Parts  III  and  IV. 

(2) Report  of  the  President  of  the  Ordnance  Board  (Great  Britain), 


1941-1945. 
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"This  trial  is  usually  carried  out  against  the  thickest  plate 
that  the  shot  will  defeat  at  fighting  ranges  and  a  critical  strik¬ 
ing  velocity  obtained  at  which  it  is  considered  that  with  such  shot 
there  is  an  even  probability  of  suocess. 

"The  result  is  applicable  only  to  the  particular  plate  and 
shot  used. 

"In  order  to  quote  a  striking  velocity  that  will  give  some 
indication  of  the  range  at  which  this  performance  may  be  expected 
to  be  achieved  by  good  shot  of  other  makers  against  average  plates, 
a  margin  of  about  100  ft/sec  is  added  for  all  oalibers. 

"Thus  the  recommended  proof  conditions  specify  the  plate  thick¬ 
ness  and  angle  and  include  a  nominal  striking  velocity. 

"2.  It  is  intended  that  proof  should  be  carried  out  on  the  fol¬ 
lowing  broad  lines : 

"(i)  In  each  calibre  a  supply  of  the  best  obtainable  shot 
should  be  available.  These  are  known  as  "standard"  shot. 

"(ii)  The  proof  plate  should  be  calibrated  by  means  of  stand¬ 
ard  shot (‘3 )  and  a  velocity  obtained  between  success  and  failure 
(within  bracket  of  less  than  50  ft/seo).  This  is  the  calibration 
velocity. 

"(iii)  The  shot  under  proof  should  succeed  (in  perforating) 
when  fired  at  the  calibrated  plate  at  a  proof  velooity  equal  to 
the  calibration  velocity  plus  an  agreed  margin. " 

With  the  exception  that  the  "calibration"  of  the  target 
armor  with  "standard  shot"  is  not  universally  performed, (4)  the 
British  procedure  indicated  above  seems  to  be  followed,  at  least 
in  major  outline. 

It  will  be  noted  that  these  tests  are  somewhat  analogous 
to  the  "immunity  tests"  used  in  armor  acceptance,  in  that  the  pro¬ 
jectile  perforates  under  specified  conditions  or  it  fails.  While 


fo)The  British  obtain  armor  for  projectile  acceptance  testing 
under  a  special  specification  (See  Reference  2). 

(4)ordnanoe  Proof  Manual  7-17,  "Manual  of  Test  Methods  of  Small 
Arms  Ammunition, "  Ordnance  Department,  US  Army,  ORD-M  608-PM, 

Vol  III  (Jan  1945).  However,  see  also  Specification  MIL-A-13812, 
"Armor  Plate,  Light,  for  Testing  Small  Arms  Armor-piercing  Bul¬ 
lets,"  (30  Nov  1954). 
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these  are  essentially  yes  or  no  teBts  in  that  they  provide  no 
numerical  measure  of  ths  relative  superiority  of  one  projectile 
over  another,  gradations  in  quality  are  apparent  to  a  skilled 
observer  simply  from  observation  of  the  recovered  projectiles 
and  the  type  of  hole  left  in  the  plate. 


To  repeat,  good  correlations  of  projectile  failures  with 
physical  properties  (similar  to  those  noted  for  armor)  are  still 
lacking,  as  are  means  of  assigning  numerical  values  to  factors 
governing  quality.  Methods  of  developing  these  correlations  and 
numerical  assessments  are  still  in  the  suggestion  stage.  It  haB 
been  proposed  that  a  "shatter  velocity"  be  used  as  a  numerical 
measure  of  the  projectile’s  ability  to  resist  nose  failure, (2,5 ) 
and  that  a  "breaking  velocity"  be  used  as  a  definite  index  of  the 
projectile's  ability  to  resist  body  failure. (6)  The  term  "shatter 
velocity"  will  be  discussed  in  Sec  4°2  and  Sec  5.1  (Prankford 
Arsenal  Reports  R-904  and  R-905),  so  it  requires  no  elaboration 
here.  In  addition  to  providing  a  desired  numerical  performance 
rating  for  a  lot  of  projectiles,  it  should  correlate  with  local¬ 
ized  and  general  plastic  deformation  in  shear.  Both  of  these 
factors  are  related  to  hardness.  "Breaking  velocity,"  in  the 
sense  used  here,  refers  to  the  critical  velocity  at  which  a  body 
failure  first  occurs.  It  presumably  correlates  with  the  ability 
of  the  projectile  body  to  resist  failure  in  tension,  and  this 
factor  is  related  to  bend  strength. 

It  must  be  emphasized  that  these  ideas  have  not  been 
developed  to  the  point  necessary  for  immediate  practical  applica¬ 
tion  as  acceptance  tests  and,  in  fact,  practical  difficulties  may 
even  prevent  such  development.  Even  if  these  specific  critical 
velocities  and  the  presumably  related  physical  properties  are  not 
suitable  for  the  purpose  at  hand,  some  tests  showing  the  desired 
characteristics  should  be  sought. 

Lest  the  above  discussion  be  misleading,  further  reference 
should  be  made  to  the  information  available  from  observations  of 
the  condition  of  the  projectile  after  perforation,  which  was  barely 
mentioned  above.  Causes  of  failure  can  frequently  be  inferred  by 
a  skilled  observer,  and  under  some  circumstances  projectiles  can 
probably  be  graded,  at  least  roughly,  as  to  quality.  Definite 


(2)Loc  cit 

(5) h.  W.  Euker  and  T.  A.  Read,  "The  Shatter  of  Caliber  .60  AP  Bul¬ 
lets,"  Frankford  Arsenal  Report  R-553  (Oct  1944). 

(6) c,  W.  Curtis,  "Terminal  Ballistics  of  Tungsten  Carbide  Projectiles  - 
Body  Failures,"  Office  of  Scientific  Research  and  Development  Report 
6640  (Apr  1946). 
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numerical  ratingB  and  good  correlations  are,  however,  missing.  A 
comprehensive  description  of  the  types  of  deformation  occurring 
during  projectile  impact  and  definitions  of  standard  terms  are 
contained  in  Appendix  B. (?) 

Unrelated  to  the  impact  of  the  projectile  against  armor, 
but  of  primary  importance  for  acceptance,  are  the  "worn  gun"  tests. 
These  assess  the  security  of  the  attachment  of  the  cap,  the  wind¬ 
shield,  and  the  rotating  band. 


(7) Re produced  from; "Definitions  of  Terms  Used  in  Ballistic  Testing 
of  Armor  -  Rev  B,"  Naval  Proving  Ground  Report  IO-46  (Jun  1946). 
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i'  Section  15.5 

1 

‘  Nonballlstic  Teats  of  AP  Projectiles 

i 


Hardness  and  bend  strength  correlate  with  the  ability  of 
a  projectile  to  resist  shatter  and  body  failures,  respectively. 
Electrical  resistance  and  related  measurements  have  been  sug¬ 
gested  because  they  provide  a  means  of  determining  internal  hard¬ 
ness.  Magnetic  and  microscopic  examinations  are  used  to  detect 
craoks  and  the  projectile  is  sometimes  subjected  to  large  tem¬ 
perature  changes  to  reveal  residual  stresses.  These  and  other 
tests  are  treated. 


by  R.  J.  Emrich 
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Sec.  15.5  -  Nonballistlo  Tests  of  AP  Projectiles 

Hardness  is  the  principal  nonballistic  property  of  projectiles 
which  has  been  correlated  with  ballistic  performance.  Hardness  in¬ 
dentations  (usually  Rockwell  or  Vickers)  are  made  either  on  the  ex¬ 
terior  of  the  projeotile  or  on  an  axial  section  after  sawing  the 
projectile  apart.  Magnetic  and  electrical  properties  which  are  re¬ 
lated  to  hardness  have  also  been  used  to  a  limited  extent. 

Other  nonballistic  tests,  notably  compression  and  bend  tests, 
are  in  the  process  of  development,  but  these  have  not  as  yet  been 
used  for  acceptance. w  A  variety  of  other  tests  related  to  com¬ 
position,  heat  treatment,  flaws,  and  similar  properties  have  been 
used  to  insure  uniformity  throughout  projectile  lots. 

15.51  -  Hardness  and  Sectional  Hardness  Distribution 

As  has  been  indicated  earlier,^)  hardness  is  related  to  the 
ability  of  the  projectile  nose  to  resist  deformation  and  failure. 

It  is  also  related  to  the  ability  of  the  body  of  the  projectile  to 
resist  breakage.  This  latter  relation*  however,  is  an  indirect  one  - 
only  for  projectiles  of  a  given  composition  of  steel  and  subjected  to 
the  same  method  of  heat  treatment,  will  hardness  be  a  reliable  cri¬ 
terion  of  bend  strength.  In  spite  of  meager  direct  evidence,  an  in¬ 
crease  in  bend  strength  is  strongly  presumed  to  be  accompanied  by  a 
corresponding  decrease  in  body  failures.  For  this  reason  detailed 
attention  has  been  devoted  to  hardness  distribution  patterns. 

For  any  given  condition  of  attack,  it  is  generally  agreed  that 
some  "optimum  hardness  distribution"  exists.  This  distribution  will 
always  show  the  highest  hardness  near  the  nose  and  a  gradual  decrease 
toward  the  base.  The  details  of  the  "optimum"  condition  will,  how¬ 
ever,  certainly  vary  for  different  conditions  of  attack. 

Again,  a  given  hardness  distribution  does  not  completely  repre¬ 
sent  the  characteristics  of  the  projectile. (2)  Only  when  the  type 
of  steel,  its  quality,  and  the  method  of  heat  treatment  are  kept  the 
same  is  there  assurance  that  the  hardness  is  a  reliable  index.  Under 
these  conditions  it  is  a  very  useful  control. 


( ^Discussions  of  such  tests  will  be  covered  in  Sections  10.1  and 
10.2,  Frankford  Arsenal  Report  R-910. 

(2)h.  W.  Buker  and  T.  A.  Read,  "Shatter  of  Brine  Quenched  and  Air 
Quenched  Caliber  .60  FXS-318  Steel  Cores,"  Frankford  Arsenal  Report 
R-616  (Apr  1945). 
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Extensive  studies  designed  to  relate  hardness  distributions 
of  service  projectiles  to  ballistic  tests  were  carried  out  in 
Great  Britain  during  the  years  1942  to  1944*  On  the  basis  of  in¬ 
formation  contained  in  reports  by  the  NationalPhysical  Laboratory 
(British),  it  was  recommended  that  the  proof  firing  of  2-pr,  6-pr, 
and  17-pr  AP  projectiles  be  reduced  and  supplemented,  or  replaced 
altogether,  with  hardness  measurements  made  on  sawed-open  samples 
from  the  lots. (3)  Proof  along  these  lines  was  considered  so  satis¬ 
factory  that  the  National  Physical  Laboratory  further  developed  a 
method  of  measuring  internal  hardness  by  nondestructive  means.  The 
Armament  Research  Department  also  developed  apparatus  for  performing 
nondestructive  tests,  in  this  case  for  small  arms  projectiles. (4) 

The  National  Physical  Laboratory  (British)  procedure  combined 
a  measurement  of  the  electrical  resistance  of  the  projectile  (taken 
across  the  bourrelet  section),  with  a  surface  indentation  hardness 
measurement.  It  then  compared  the  result  with  subsequent  indenta¬ 
tion  hax’dness  determinations  on  an  axial  section  of  the  projectile. 
With  projectiles  from  any  one  maker,  having  their  own  character¬ 
istic  surface  hardness,  the  resistance  values,  together  with  these 
measurements,  gave  an  indication  of  the  hardness  at  the  center  of 
the  shoulder. 

In  the  Arms went  Research  Department  procedure,  the  magnetic 
retentivity  of  small  arms  cores  was  measured.  A  comparison  was 
then  made  with  indentation  hardness  values  obtained  on  flats  ground 
along  the  sides  of  the  cores.  The  machine  developed  for  this  pur¬ 
pose  was  fully  automatic  and  it  was  used  in  the  production  line  to 
eliminate  cores  of  insufficient  hardness. 

Direct  or  indirect  hardness  measurements  never  completely  re¬ 
placed  firing  tests  for  artillery  projectiles,  but  they  served  as 
useful  guides  for  the  selection  of  samples  for  such  tests.  During 
most  of  World  War  II,  particularly  when  serious  dislocations  caused 
the  mixing  of  steel  compositions  and  improper  heat  treatment,  the 
rejection  of  inferior  projeotiles  and  lots  was  accomplished  by  elec¬ 
trical  resistance  measurements  taken  on  apparatus  set  up  in  the 
manufacturing  plants.  Later,  with  improvements  in  heat  treatment 
procedures  and  with  the  maintenance  of  more  uniform  conditions  in 


^Report  of  the  President  of  the  Ordnance  Board  (Great  Britain), 
1941-1945." 

(4)w.  N.  Hindley,  "Quality  Control  of  SAAP  Bullet  Cores,"  Armament 
Research  Department  Report  MET  9/45  (Feb  1945). 
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the  plants,  it  was  found  that  the  resistance  tests  were  of  appre¬ 
ciably  less  value. (3)  The  Armament  Research  Department  hardness 
sorting  machine,  however,  was  used  for  final  acceptance  of  small 
arms  cores  after  samples  from  the  sorted  batches  were  shown  to 
have  the  required  Vickers  Diamond  Hardness.  Two  trials  were  made 
to  obtain  a  direct  correlation  between  magnetic  hardness  and  bal¬ 
listic  results. (5,6)  Unfortunately  neither  trial  was  properly  de¬ 
signed  to  determine  this  correlation. 

15.52  -  Control  of  Uniformity;  Sampling  Procedure 

Under  the  present  procedure  of  acceptance,  with  the  lack  of 
nondestructive  and  definitive  mechanical  teste  of  ballistic  quality, 
the  control  of  uniformity  is  of  extreme  importance.  Since  the  pro¬ 
jectile  manufacturers  frequently  are  not  steel  makers,  the  provision 
of  steel  in  bar  form  is  sometimes  accomplished  under  specifications 
separate  from  those  outlining  the  requirements  of  projectile  fabri¬ 
cation.  Particularly  in  Great  Britain,  the  selection  of  steels  and 
the  recommended  heat  treatment  for  small  arms  AP  projectiles  was 
aided  by  the  use  of  torsion  impact  tests. (?) 

In  addition  to  the  control  of  the  chemical  composition  of  pro¬ 
jectile  steel,  the  other  factors  to  be  considered  ares 

(a)  Steelmaking  process.  Macroetch  tests  may  be  applied  to 
ingots. 

(b)  Rolling  or  forging  practices. 

(c)  Heat  treatment.  Microstructure  is  studied  at  various 
stages  in  the  heat  treatment  process,  and  finished  projectiles  are 
sawed  apart  for  study, 

(d)  Process  of  cap  attachment.  Caps  are  frequently  soldered 
to  the  cores,  and  tempering  or  other  metallurgical  change  must  be 
avoided  during  the  process.  The  security  of  the  bond  between  cap 
and  core  is  usually  checked  by  loading  the  assembled  projectile 
transversely  in  the  center  when  supported  at  the  ends. 


^3)loc  cit 

(5) «Magnetic  Hardness  Testing  of  A.  P.  Cores.  Penetration  Trials 
with  a  .55  inch  A.  P.  S.A.A.  Alloy  A  Cores,"  Armament  Research 
Department  Report  MET  33/44  (Feb  1944). 

(6)  "Comparative  Performance  of  a  Batch  of  ,303-inch  ff  Mark  I  Bullets 
with  AP  Cores  Divided  into  Groups  by  Magnetic  Hardness,"  Armament 
Research  Department  Report  TB/AP  8/45  (Mar  1945). 

(7) a.  Knight,  "The  Toreion  Impact  Test,"  Armament  Research  Department 

Report  MET  66/45  (Jun  1945).  ^ 
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(e)  Soundness  test.  After  heat  treatment,  the  shot  are  tested 
magnetically,  under  certain  prescribed  magnetizing  conditions,  for 
cracks  and  imperfections  or  nonmetallio  inclusions. 

(f)  Visual  or  magnetic  inspection  of  finished  projectile  for 
surface  cracks. 

The  variation  that  may  be  permitted  in  any  of  these  factors  is 
a  matter  of  judgment.  Current  Army  and  Navy  specifications  leave  the 
decisions  mainly  to  the  manufacturer  (reserving,  of  course,  the  right 
of  final  judgment),  although  allowable  variations  have  been  assembled 
in  proposed  specifications. (^) 

Finished  lots  of  projectiles  submitted  for  acceptance  are  sampled 
by  a  government  inspector  at  the  manufacturing  plant.  The  maximum 
size  of  a  production  lot  is  usually  specified.  For  example,  for  the 
U.  S.  Army  90  mm  AP  projectile,  the  maximum  size  of  a  lot  is  10,000, 
and  from  5  to  9  projectiles  are  fired  against  armor  plate;  for  U.  S. 
Navy  projectiles,  the  size  of  a  lot  is  500,  from  which  3  projectiles 
are  selected  for  plate  firing  teets.  It  is  sometimes  required  that 
all  projectile  cores  in  a  lot  be  made  of  steel  from  one  heat  or  a 
restricted  number  of  heats,  And  similar  restrictions  may  be  placed 
on  the  steel  used  for  the  oaps,(9) 

A  qualification  procedure,  such  as  that  used  in  armor  acceptance 
testing,  is  generally  not  employed  in  projectile  acceptance  testing. 
However,  the  first  lot  submitted  by  a  manufacturer  is  usually  limited 
to  a  smaller  size  than  subsequent  lots. 

The  reasons  for  basing  projectile  acceptance  in  the  United  States 
on  such  relatively  small  samples  (5  out  of  10,000)  in  comparison  with 
sample  sizes  in  armor  testing  (1  out  of  100)  are  not  apparent  from 
available  reports. 


TsTT  S.  Army  Specifications: 

MIL- P-20519,  "Projectiles,  Armor-piercing,  Capped;  Metal-parts 
Assembly"  (4  Dec  1951). 

MIL- P-20460,  "Projectiles,  Armor- piercing;  Metal-parts  Assembly" 
(4  Dec  1951). 

MIL-S-13763(ORD),  "Projectiles,  Armor-piercing,  Hyper- velocity; 
with  Tungsten-Carbide  Cores;  Metal-parts  Assembly"  (8  Nov  1954). 
(9)see  Appendix  A,  Parts  III  and  IV. 
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APPENDIX  A 


Part  I 


Military  Specification  MIL-A-12560  (PHD) 

Armor.  Steel:  Plate.  Wrought  Homoganeouet  Combat-vehiole-type 
-(lA  to  12  inches.  Inclusive) 
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'fMwlw*  JT*1«’d<XJW»nt  contain*  Information  affaotina  tha  Rational  Do. 
£j®?*  ?a  ^tbio  ttaa  moaning  of  tha  Saplonaca  Low*. 

793  and  79k,  Tha  tranmia*ion  or  th.  ravala- 
it*  oontanta  la  any  maanar  to  an  unautborlaad  paraon  la  prohlMtad 

MIL*  A-12660  ( ORD) 
9  Mweh  1953 


MIUIARJ  SPECIFICATION 

ARMOR,  STEEL)  PLATE,  WROUGHT  HOMOGENEOUS) 
CCMBAT-miCLE  TIFE  (lA  to  12  INCHES,  DfCL.) 


SUPERS ED INO 

U.  S'*  Army  Spaoif loatlon 
No.  57-115-11 
n  Ncrramber'  19U5 
u.  S.  Amor  Spaoif  loatlon 
No.  57-115-18 
16  Nowatfbar  19U9 


l.  scort 

1.1  Thla  apacif loatlon  oovera  wrought-ataal  oombat-vahiele 
typa  of  homoganaoua  amor  plata  In  tihloknaM.aa  from  1/4  to 
18-lnohaa,  Inclusive.  (SaeTs*!.) 


2.  .  APPLICABLE  SPECIFICATIONS,  STANDARDS,  DRAWINGS,  AND  PUBLICATIONS 

2.1  Tha  following  ^apselfloations  of  tha  laaua  In  affadt  on  data  of 
Invitation  for  bide,  form,  a  part  of  this  spaolfloationi 

SPECIFICATIONS 

federal 

QQ-k-151  -  Natalaj  Oanaral  Spaoif  loatlon  for  znspaotlon  of 

(Coplaa  of  speolfioations,  standards,  drawings,  and  publications 
raquirtd  by  oontraotors  In  eomsetlon  with  spaolfle  procurement 
funoticna  should  ba  obtalnad  from  tha  proourlng  aganoy  or  as  dlraotad  by 
tha  o on tr acting  officar.) 

•  3.  REQUIREMENTS 


3.1.1  Hcmotanaltr.-  Prooaaaas  of  manufaotura  shall'  ba  aueh  as  to  pro¬ 
duct  armor  hawing,  as  nearly  a a  practicable,  a  honoganaoua  atruotura 
throughout. 
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3.1.2  Soundness.-  The  soundness  of  all  plates*  Including  qualification 
and  aooeptaiiee  bail!  -io  test  plates  and  samples^  with  respect  to 
laminations  and  inclusions  shall  be  equal  to  or  better  than  the 
applicable  standard  shown  in  figure  it  when  inspected  in  accordance  with 
luo.  Minor  scale*  pitting*  tears  or  other  imperfeotions  on  the 
surfaoe  of  the  armor  that  are  characteristic  of  manufacturing  processes 
shall  not  be  cause  for  rejection  if  they  are  not  of  suoh  a  nature  as  to 
affect  the  fabrlcability  or  serviceability  of  the  material* 


3,2  Qualification*-  Wrought  armor  submitted  under  thia 
specification  shall  be  produced  b  r  a  manufacturer  whose 
product  has  been  qualified  in  accordance  with  4*3* 


t 


\ 


"h 

I' 

1 

L 


3.3  Ohemloal  requirements. 


3*3.1  Composition*-  The  ladle  analysis  of  all  heats  shall  be  within 
the  limits  established  by  the  oontraotor*  at  the  time  of  qualification* 
whioh  shall  conform  with  the  requirements  of  table  I.  m  addition* 
those  additives  or  hardening  agents  intentionally  added  shall  be 
declared.  All  limits  established  by  the  oontraotor  shall  be  submitted, 
in  advance  to  the  oontraoting  officer.  The  oontraotor  may  establish 
and  submit  separate  limits  for  saoh  thickness  of  plate  for  whioh  he 
desiree  to  be  qualified*  Changes  in  composition  shall  not  necessarily 
be  oause  for  requalifieation  but  shall  be  subject  to  review  by  the  oon- 
tracting  officer  to  determine  whether  requalifieation  may  be  required*  ! 


TABLE  I  -  Maximum  ranges  and  limits  for  ohemloal  composition  (ladle 
analysis) 


Element 

Maximum  Range 

Maximum  Limit 

Carbon 

.10 

.32# 

Manganeset  Up  to.  l.OOJJ  inol* 

.30 

mmm 

Over  l.OOX 

.1*0 

mmm 

Phosphorus 

ee«s* 

.Ok 

Sulphur 

••• 

.ok 

Siliocm  Up  to  0,60*  inol. 

.20 

mmm 

Over  0,60*  to  l.OQX  inol. 

.30 

mmm 

Over  l.OOX 

.1(0 

mmm 

Nickel 

.50 

mmm 

Ohromlumi  Up  to  1.25*  inol. 

.5° 

mmm 

Over  1.2$t 

,h0 

mmm 

Molybdenum!  Up  to  0*20*  inol* 

.07 

mmm 

Over  0*20* 

.15 

mmm 

Vanadium 

.10 

*  See  3.3.I. 
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3.3.2  Carbon  (cheok  analysis lhe  oarbon  oontant  determined  by  cheok 
analysis  aa  a  pacified  in  GtHahall  not  exoead  0.34  paroant  for  plates 
up  to  4"  in elusive  in  thioknaaa  and  0*36  paroant  for  plates  greater  than 
It"  In  thioknaaa. 

3. a  Weldability.*  The  ehemioal  composition  and  haat  treatment  of  the 
armor  shall  be  such  that  the  armor  will  be  suitable  for  the  manufacture 
of  weldments  by  aoeeptable  production  methods* 

3.5  Phyaioal  properties. 

3.5*1  Hardness.*  The  average  surface  hardness  of  aaoh  plate  Including 
ballistic  qualification  and  aooeptanoe  test  plates  and  samples  shall  be 
within  the  range  shown  in  Table  XX  for  the  applicable  thioknaaa.  The 
diameters  of  Brlnell  hardness  impressions  determined  on  the  surface  of 
any  plate  or  sample  shall  not  vary  by  more  than-  0,15ran  respectively 
between  the  maximum  and  minimum  values.  Whan  cross-section  hardness 
tests  are  conducted  on  ballistic  test  plates  or  impact  samples  U"  or 
greater  in  thioknaaa ,  the  average  Of  all  hardness  tests,  both  surface 
and  croBa-seotion,  shall  be  within  +  O.O^mm  of  the  range  specified  for 
the  thickness  involved.  ~ 


TABLE  XX  -  Brlnell  hardness  requirements. 


specified  Nominal  Brlnell  Hardness  BrtanSA  Indentation 

Thloteess  of  Plate  Range  Diameters 

in  lnohes  <3000 -Kg  Load)  in  Millimeters  , 


0*25  to  loss  than  0.5 
0.5  to  lssa  than  0.75 
0.75  to  lssa  than  1.25 
1.25  to  lass  than  2.0 
2.0  to  lass  than  4.0 
U>0  to  lass  than  7.0 
7.0  to  leas  than  9*0 
9.0  to  12.0  lnol. 


363  -  1(01 

3.20  -  3.05 

314  -  368 

3.30  -  3.10 

331  -  375 

3.35  -  3.15 

293  -  331 

3.55  -  3.35 

2 69  -  311 

•  3.70  •  3.45 

214  -  277 

3.90  »  3.65 

223  -  2 62 

4.05  -  3.75 

212  -  2U8 

4.15  -  3.85 

3.5.2  Irroaot  rsalstanos.-  The  V-notoh  C harpy  Impact  rssistanoa  of  armor 
submitted  aither  for  qualification  or  for  aeoaptanoe  testing  shall  msst 
ths  requirements  shown  In  table  XXX  for  the  applicable  hardness  and 
thloknsss.  Whan  interpolation  la  necessary,  the  ourve  of  Figure  1 
(which  passes  through  the  intercepts  of  table  XXI)  shall  be  employed  to 
determine  the  required  impact  resistance. 
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TABLE  III  -  Minimum  V«noteh  Sharpy  inpac.t  resistance  rgquj  xements  in 
ft,  lbs.  at  -hO  degrees  F.  +  2  degrees  F. 


Brinell  Brinell  Plate  Average  of  Average  of  All 

Hardness  Diameter  Thickness  Original  Tests  Tests  When 

In  Retesting  is 

Millimeters  Involved 

Standard  Speoial  Standard  Special 

Specimen  Specimen  Specimen  Specimen 


207 

h.20 

h" 

to 

12" 

lncl 

57.5 

m 

53.5 

m 

212 

U.15 

ti 

11 

11 

m 

55.5 

m 

51.5 

m 

21? 

U.10 

it 

ti 

11 

tt 

53.5 

m 

h9.2 

m 

223 

h.05 

it 

11 

11 

It 

50.7 

m 

h?.0 

tm 

229 

h.oo 

it 

11 

ti 

It 

h8,o 

m 

hh.5 

m 

235 

3.95 

it 

it 

11 

If 

h5.5 

m 

hi. 7 

m 

2hl 

3.90 

tt 

ti 

» 

II 

h3.0 

m 

39.3 

m 

2U8 

3.85 

it 

11 

11 

II 

hO.O 

m 

36.3 

m 

2# 

3.80 

ti 

11 

11 

tl 

37.0 

. 

33.5 

262 

3.75 

ti 

n 

if 

tt 

3h.o 

m 

30.5 

m 

269  ■ 

3.70 

U" 

CO  12" 

inol 

31.0 

m 

27.6 

mm 

277 

3.65 

tt 

n 

it 

.  11 

27.6 

m 

2U.5 

mm 

285 

3.60 

tt 

n 

it 

w 

2h.5 

m 

21.0 

262 

3.75 

Vh" 

to  less 

h6.5 

m 

h3.5 

mm 

269 

* 

than  h" 

3.70 

tt 

If 

It 

it 

h2.5 

m 

39.5 

mm 

277  , 

3.65 

It 

tt 

II 

i» 

38. h 

m 

35.h 

mm 

28? 

3.60 

If 

It 

II 

11 

3h.8 

m ■ 

32.3 

mm 

293 

3.55 

n 

It 

II 

if 

31,5 

m 

29.0 

mm 

302 

3.50 

ti 

It 

It 

M 

28.0 

m 

25.5 

mm 

311 

•  3.hS 

11 

n 

II 

11 

25.h 

'  m 

23.0 

mm 

321 

3. hO 

ti 

11 

II 

11 

22.7 

m 

20.7 

mm 

331 

3.35 

it 

ti 

II 

If 

20.6 

m 

18.6 

mm 

3hl 

3.30 

it 

11 

If 

II 

18,6 

16.6 

mm 

352 

3.25 

it 

» 

II 

II 

16.7 

m 

lh.7 

mm 

363 

3.20 

11 

11 

It 

II 

15.0 

10.0 

13.0 

9.0 

375 

3.15 

11 

11 

II 

II 

13.5 

9,2 

11.8 

8.3 

388 

3.10 

11 

11 

II 

II 

12. h 

8.5 

11.0 

7,5 

hoi 

3.05 

it 

11 

If 

It 

11.5 

7.7 

10.0 

6.7 

hl5 

3.00 

it 

11 

It 

II 

10.7 

7.0 

9.2 

6.0 

3.6  Ballistic  requirements. 

3*6.1  Resistance  to  penetration  normal  obliquity.-  Each  ballistic 
qualification  and  acceptance  test  plate  shall  be  proof-fired  for 
resistance  to  penetration,  and  a  ballistic  limit,  BL(A),  shall  be 
obtained  using  the  applicable  projectile  shown  in  table  IV.  Minimum 
requirements  for  acceptable  ballistic  limits  shall  be  as  shown  in  that 
table. 


— h** 
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TABLE  IV  -  Resistance  to  penetration ;  normal,  impact 


Nominal  thickness 
of  plate 

Ammunition  to 
be  used 

Minimum 

distance 

between 

impacts 

Minimum  ballistic 
limit  BL(  A) 

Inches 

iA  ( 0.250) 

Cal  • 

.30  AP  M2 

l^eet  per  'seoondl 

1,130 

5/16  (0.312) 

It 

'  tl  II 

ft 

3 

1,390 

3/8  (0.375) 

II 

It  11 

fl 

3 

l,6b0 

7/16  (0.U37) 

II 

11  « 

ft 

3 

1/2  (0,500) 

It 

rt  ,  11 

ft 

3 

2,110 

9/16  (0.562 

tl 

tl  it 

ft 

3 

2,330 

9/16  (0.562)1 

Cal. 

,5c  A?  M2 

3 

1,1*20 

5/8  (0,625) 

II 

II  l> 

Yl 

3 

1,560 

11/16  (0.667) 

H 

It  It 

II 

3 

1,695 

3A  (0.750) 

II 

ft  II 

ft 

3 

1,825 

7/6  (0.875) 

n 

11  «i 

If 

3 

2,070 

1  (1.000) 

ii 

If  ft 

It 

3 

2,300 

1-1/8  (1*125). 

•1 

If  fl 

fl 

3 

2,515 

.1-1/8  (i;i25r 

37m 

AP  M7U 

3 

1,010 

1-iA  (i'.25o) 

♦1 

ft  ft 

3 

1,100 

1-1/2  (1,500) 

li 

1!  II 

3 

1,280 

1-5/8  (1.625) 

« 

It  II 

3 

1,370 

1-3A  (1.750) 

ft 

II  II 

3 

i,Mo 

2  (2.000) 

e 

II  ft 

3 

1,630 

2-lA  (2*250). 

ft 

fl  fl 

3 

1,790 

2-1/U  (2.250)1 

57mm 

AP  M70 

3 

1,310 

2-1/2  (2.500) 

ft 

ft  ft 

3 

1,U50 

2 -3 A  (2.750) 

II 

ft  ft 

3 

1,580 

3  (3.ooo) 

It 

ft  fl 

3 

1,700 

3-1 A  (3.250) 

♦1 

It  It 

3 

1,810 

3-1/2  (3*500). 

If 

If  II 

3 

1,910 

3-3A  (3.750)1 

75mm 

AP  M?2 

3 

1,525 

U  (U.QOO)  . 

»l 

II  ft 

3 

1,600 

U-iA  (li.250)J 

t! 

fl  ft 

3 

1,675 

U-3A  (U.750)1 

90rn 

AP  M77 

3 

1,800 

5  (5.ooo)  , 

5-iA  ( 5.250) 1 

n 

ft  M 

3 

1,900 

11 

II  II 

3 

2,000 

1  Value  for  interpolation  only. 


3*6,2  Raalstancc-to-obllqua-attaok  test,-  BaUlstic  quallflostion  and 
aooaptsnoa  teat  plates  3"  to  5"  inclusive  fn  thiekness  shall  be  proof- 
fired  for  resiatanee  to  oblique  attack,  and  a  ballletio  limit  HL(P) 
shall  be  obtained  using  the  projeotile  shown  In  table  7,  Minimum 
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requirements  Tor  acceptable  ballistic  limits  shall  be  as  shown  in 
that  table. 

TABLE  7  -  Res is tanee-to- Oblique  attack. 


Nominal 
Thickness 
of  plate 

Inches 

Ammunition 
to  be 
used 

Obliquity- 

Degrees 

Minimum  Ballistio 

Limit  BL(P)  - 

Feet  per  second 

2-3A  (2.750)* 

90mm  APC  M82 

1*5 

2,100 

3  (3.000) 

tt  It  It 

1*5 

2,300 

3-lA  (3.250)* 

It  It  It 

1*5 

2*500 

3 -3 A  (3.750)* 

II  It  II 

30 

2,000 

1*  (li.000) 

it  n  ti 

30 

2,100 

l*-iA  ( >4.250)* 

30 

2,200 

U-3A  (U.750)* 

II  It  H 

30 

2,1*00 

5  (5.000) 

30 

2,500 

5-iA  (5.250)* 

tt  It  tt 

30 

2,600 

For  purposes  of  interpolation  only. 

3‘?  Dimensions  and  permissible  variations. 

3*7.1  Dimensions.*  Plates  shall  comply  with  the  dimensions  shown  on 
the  drawings  or  speoified  in  the  oontraot  or  order. 

3.7.2  Thickness,-  The  thickness  of  any  plate,  including  qualification 
and  acceptance  ballistic  test  plates,  after  final  heat  treatment  shall 
not  vary,  by  more  than  the  amounts  shown  in  table  VII, 

TABLE  VII  -  Thickness  tolerances. 


Speoified  Plate  Permissible  Variation 

Thickness  -  (Plus  or  Minus)  - 

Inches _ Ihohes _ _ 


0. 

25  to  0.500  inel 

1.125 

* 

0.015 

Greater  than  0.500 

to 

in'  .1, 

0.020 

it 

II 

1.125 

to 

1.1*99 

incl. 

0.025 

ti 

11 

1.1*99 

to 

1.7U9 

incl. 

0.030 

n 

II 

1.7U9 

to 

1.999 

incl. 

0.035 

H 

If 

1.999 

to 

2.999 

incl. 

0.01*0 

it 

II 

2.999 

to 

luOOO 

incl. 

0.01*5 

it 

II 

l*.o 

to 

6.0 

incl. 

n 

It 

6.0 

to 

8,0 

incl. 

0.083 

n 

It 

8.0 

to 

10.0 

incl. 

0.098 

it 

II 

10,0 

to 

12.0 

inol. 

0.122 
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3*8  Information  required,-  A  statement  shewing  the  ladle  analysis  of 
eaoh  melt  and  complete  'details  of  the  heat  treatment  of  each  lot  shall 
be  furnished  for  the  files  of  the  oontraoting  offieer.  All  elements  of 
the  chemical  compos it icn  Shall  be  shown  in  the  statement,  including 
special  additives  or  hardening  agents,  whether  shown  in  table  I  or  not* 
Unless  otherwise  specified,  this  Information  shall  be  forwarded  on  an 
approved  form  and  with  the  ballistio  test  plates  to  the  proving  ground 
making  the  ballistio  test* 

3.9  Workmanship. 

3.9*1  Heat  treatment, -  All  plates  in  eaoh  lot,  including  samples, 
shall  receive  the  same  heat  treatment  except  for  such  variations  in 
tempering  temperature  as  may  be  neoessary  to  produoe  the  prescribed 
hardness.  lhe  hardening  temperature  may  vary  within  a  range  50  degrees 
above  the  temperature  used  for  ballistio  test  plates,  but  in  no  oase 
shall  it  exceed  1700  degrees  F. 

3.9*2  Heating."  Local  or  general  heating  shall  not  be  performed  after 
the  final  quenching  and  tempering  operation,  except  as  provided 
elsewhere  in  this  specification.  A  detailed  outline  of  the  prooedure 
to  be  used  in  eaoh  operation  of  the  following  processes  shall  be 
submitted  in  writing  to  obtain  authorization* 

3 .9 *2.1  Edge  preparation.-  Oxygen  outtlng  or  beveling  of  edges  shall 
be  permitted  after  final  heat  treatment  provided  the  prooedure  is  such 
that  no  oraoks  develop  on  any  oxygen-out  edge.  Stringers  that  occur  on 
prepared  edges  whioh  do  not  appear  as  oraeks  on  the  prepared  edge  and 
whioh  do  not  exosed  the  limits  of  acceptability  specified  in  l*. 8  shall 
not  be  cause  for  rejection. 

3.9*2 .2  Repairing.-  Weld  repairs  shall  be  made  only  when  authorised 
by  the  Chief  of  the  Supply  Service  involved* 

3.9. 2.3  Forming.,"  Forming  after  the  final  quenehing  and  tempering 
operation  snail  not  be  done  except  when  authorized  by  the  chief  of 
the  Supply  Service  involved. 

U.  SAMFLINQ,  INSPECTION,  AND  TEST  PROCEDURES 

U.l  Purpose.-  Inspection  under  this  specification  shall  be  for  the 
purpose  of 1 

(a)  Qualification  of  a  faoility  as  a  manufacturer  of  wrought 
armor  plate, 

(b)  Primary  acceptance  of  steel  for  prooessing  as  armor  plate* 

(0)  Acceptance  of  individual  production  lots. 

U.2  General.-  Inspection  and  tests  shall  be  made  in  accordance  with 
the  requirements  of  Federal  Specification  QQ-M-151,  unless  otherwise 
specified  herein. 
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b.2.1  Responsibility  for  inspeotion  and  testa.-  Unless  otherwise 
specified  or  authorised,  the  responsibility  Tor  having  inspeotion  and 
tests  performed  shall  be  as  specified  in  b.2.1.1  to  b« 2.1.3  inclusive* 

The  results  of  tests  shall  be  obtained  before  the  material  is  shipped 
from  the  plant  having  responsibility  for  them  unless  otherwise  specified. 
The  right  is  reserved  to  perform  inspeotion  and  tests  at  other  places 
at  the  disoretion  of  the  contracting  officer. 

1*. 2,1.1  Chamioal  analysis  and  fracture  test.-  Chemical  analysis  and 
fracture  testa  for  "steel  soundness  shall  be  the  responsibility  of  the 
plant  where  the  steel  is  made* 

b.2.1, 2  Impact  and  hardness  tests."  Charpy  impact  tests,  and  hardness 
determinations  'shall  be  the  responsibility  of  the  plant  where  the 
plate  is  heat-treated. 


b.2.1. 2.1  Qualification  impact  teats*-  Charpy  V-notch  impact  tests 
for  qualification  for  all  thicknesses  shall  be  made  at  a  laboratory 
designated  by  the  procuring  agency. 


b. 2.1.3  Ballistic  tests.-  Ballistic  tests,  shall  be  the  responsibility 
of  the  plant"  where  the'  'steel  is  heat-treated  and  shall  be  made  at  a 
place  to  be  designated  by  the  Chief  of  the  Supply  Servioe  involved. 


4.2.2  Identification  of  material.-  Identification  marks  and  records 
shall  be  such"  as  to  insure1  positive  identification  of  all  plates,  in¬ 
cluding  ballistic  test  plates  for  qualification  and  primary  acceptance, 
samples  and  specimens  with  the  lot  and  corresponding  heat  from  whioh 
they  ware  produoed.  The  key  to  identification  symbols  shall  be  furnished 
to  the  inspector  prior  to  submittal  for  inspection  and  test, 

U.3  gUSj 4 float ion. 


i.  •»  i  -Thicknesses  to  5.99"  inclusive.-  To  qualify  for  thioknessee  to 
5 .99 "’inclusive,  the  manufacturer  snail  submit  ballistic  test  plates 
and;  impaot  test  samples  as  specified  in  table  VI  whiohmeetthe 
requirements  of  this  specification,  impact  test  samples  shall  be  eu 
frcm  ballistic  test  plates  aftsr  heat  treatment. 


'Thickness  6"  to  12"  inclusive.-  To  qualify  for  thiokneasea^"  to 
12"  lAolSalCihe  manufacturer  imr  eubmit  three  ■  agf**- *  *Jh 
thickness  he  proposes  to  make  in  increments  of  2  inches  whioh  meet 

thiokness  to  the  maximum  thickness  to  be  qualified  wi 
increment. 
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1ABLS  71  -  Ballistic  test  platea  and  samples  for  qualifloation 


Thickness 
of  Plates 
and 

Samples 

No.  of 
Balllstio 
Test 
Plates 

No.  of 
impact 

Teat 
Samples 
par  plats 

Minimum  Siae  To  Qualify  for 
of  Ballistic  Thickness  Rang# 
Test  Plates 

Znohsa 

Inches  (mol.) 

3/8" 

3 

1 

18  x  38 

.25  to  less  than  .50 

5/8" 

3 

1 

18  x  36 

0,5  to  less  than  .75 

1.0" 

3 

1 

18  x  36 

0.75  to  less  than  1.25 

1.5" 

3 

1 

18  x  36 

1.25  to  less  than  2.00 

2" 

3 

1 

18  x  36 

2.00  to  2.99  incl. 

3". 

3 

1 

h8  x  60 

3.00  to  3.99  inol. 

U" 

3 

1 

1*8  x  60 

U.'OO  to  ii.99  inol. 

5" 

3 

1 

1*8  x  60 

5.00  to  5.99  inol. 

At  the  option  of  manufacturer,  tha  exaot  thiokneas  to  ba  rolled  within 
any  range  may  be  substituted  for  the  speolfied  thiokneas  of  that  range* 

U.3.3  Plate  representation."  Test  plates  or  samples  for  qualification 
testing  shall  be  made  0!  the  same  ohemioal  composition,  by  the  seme 
steel-making  process,  and  with  the  same  heat  treatment  as  will  be  used 
for  tha  production  of  wrought  armor  under  this  specification. 

U.3.U  Heat  treatment*-  All  qualification  test  plates  or  samples  sub¬ 
mitted  as  a  group  representing  a  single  range  of  section  thiokneaaes 
shall  reoeive  the  same  heat  treatment. 


U.U  Primary  acoeptanoe.-  Prior  to  ths  production  heat  treatment  of 
any  thickness"  of  any  heat  of  steel  for  armor  plats  the  oharpy  impact 
resistance,  hardness,  soundnsss,  and  ballistic  properties  shall  be 
determined  In  acoordanoe  with  It. 6,  U.7,  U.6,  and  k>9  respeotlvely. 
Material  tested  for  lmpaot  rsslstanoe,  hardness,  and  balllstio 
properties  shall  have  reoelved  the  same  heat  treatment,  inoluding 
the  greatest  time  lag  between  ths  removal  of  the  material  from  ths 
austsnitising  fumaoe  and  ths  application  of  the  quenohlng  medium,  that 
will  be  used  in  produotion  for  the  lot  it  represents. 

Optlan  Inina-t  -rr.fl.tlna. 

h.b.l'm  the  ease  of  an  integrated  plant  where  ell  material  from  a 
heat  is  to  ba  heat-treated  at  the  same  time,  lmpaot  and  hardness  tests 
for  primary  aooaptanes  shall  not  be  required.  In  sueh  eases 
acceptance  for  impact  resistance  and  liardness  shall  be  based  on  the 
results  of  tests  oonduoted  on  production  material.  Testing  for 
acoeptanoe  for  steel  (soundness  and  ballistic  resistance  shall  be  as 
specified  in  U.U,  except  that  balllstio  test  plates  may,  at  ths  option 
of  ths  manufacturer,  be  heat-treated  with  the  produotion  plates  of 
the  heat  they  represent.  (5««  4-. 6-3) 
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Lulu  2  'A  lot  for  purposes  of  primary  acceptance  testing  shall  oonslst 
of  all  steel  of  the  same  heat,  of  the  same  thickness,  and  intended  for 
the  same  production  heat  treatment . 

4.5  Production  acceptance.-  Eaoh  lot  of  production  armor  plate  shall 
be  tested  for  charpy  impact  resistance  and  hardness  in  accordance  with 

4.6  and  4.7, 

.  Lag.  »re4,u.«iti'on. 

4.5.1 /A  lot  for  purposes  of  production  aooeptanoe  testing  shall 
consist  of  all  steel  of  the  same  base  type  composition,  of  the  same 
thickness,  having  the  same  treatment  and  heat  treated  in  the  same 
facility.  The  maximum  size  of  the  lot  shall  be  as  speoified  in 
table  VIII, 


4.6  Charpy  V-notoh  impact  tests. 

4.6.1  Frequency  of  tests  for  aooeptanoe  testing. »  At  least  2  impact 
test  specimens  snail  be  taken  from  eaoh  sample  in  each  lot.  The 
number  of  samples  per  lot  shall  be  as  shown  in  table  VIII. 


TABLE  VIII  -  Frequency. of  sampling 


Area  or  weight  of  individual 
Plate,  as  Heat-Treated _ 


Minimum  Number  of  Samples 


treater  than  £0  square  feet 
treater  than  6  to  60  square  feet 
.  square  foot  to  6  square  feet 
.  square  foot  or  less  or  10  lbs. 
or  less 


1  from  eaoh  25  plates 
1  from  eaoh  $0  plates 
1  from  eaoh  100  plates 

1  from  eaoh  500  plates 


4. 6.1.1  The  product  of  no  heat  shall  be  oempletelv  accented 

?  UMt  thr"  impact  t«t  sSjlS  St  fr£ 

Auction  plates  after  heat  treatment,  Each  heat  treatina  faanit/ 

** iM,t  °n*  “"’a* trm  *«h  •»** 

impact  tes.  opeOimans  shall  be  taken  from  eaoh  sample. 

if  tMta  f0r  Pf^r.  aooeptanoe  testing.-  Except  aa 
one  sample  shall  be  taken  frotTSKe  top  of  the 

fron  the  middl«  of  the  middle  usable  Ingot, 
and  one  from  the  bottom  of  the  last  usable  ingot  in  the  heat.  At  * 
least  two  impact  teat  specimens  shall  be  taken  from  eaoh  sample. 

f  l0nal  a^nplaf«"  In  addition  to  the  samples  required  above, 

rKSra*Kl-  “  t*'0*rh5ir°n’ . 


j 

i 
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U.6.5  Reduoed  impaot  testing  for  aooeptanoe,-  If  the  results  of 
Impact  tests  on  oonseeutive  lots  indicate  that  a  satisfactory 
uniform  product  meeting  the  impaot  requirements  is  being  produoed,  the 
number  of  impaot  tests  may  be  reduoed  at  the  discretion  of  the  Chief 
of  the  Supply  Service  involved, 

U.6.6  Size  of  samples,-  The  samples  shall  be  the  same  thickness 
as  the  plates'  they  represent  and  of  sufficient  sice  to  allow  the 
number  of  test  specimens  required  by  U.6.1  or  I*.  6, 2  to  be  taken  from 
them  in  suoh  a  manner  that  no  part  of  any  test  specimen  shall  be  from 
a  location  closer  than  U  inches  or  2T,  whichever  is  less,  from  any 
quenohed  edge,  as  well  as  outside  the  heat-affeoted  zone  of  any 
oxygen-out  edge,  (See  6,$,) 

U.6.?  Location  of  test  specimens, 

U. 6,7*1  Samples  leas  than  U11  in  thickness,-  Specimens  from  samples 
less' than  ITr  in  thickness  shall  be  taken  from  a  looation  midway 
between  the  top  and  bottom  surfaces-  of  the  plate  and  at  least  u"  or  2T, 
whichever  is  less,  from  any  quenched  edge  as  well  as  outside  the  heat- 
affeoted  zone  of  any  oxygen-out  edge* 

U. 6.7.2  Samples  U11  or  greater  in  thickness.-  Specimens  from  samples 
U"  or  greater  in  ihie knees  aliaii  be  iakerTfrom  a  looation  suoh  that  the 
oenterllnes  of  the  specimens  are  approximately  1"  below  the  surfaoe  of 
the  plate  and  at  least  It"  from  any  quenohed  edge  as  well  es  outside 
the  heat-affeoted  zone  of  any  oxygen-out  edge. 

U.6.8  Type  of  speoimens. 

U. 6.8.1  Standard  speolmens.-  Dnpaot  speoimens  from  samples  ?A6"  in 
thioknass  or  over  shall  be  maohlnod  to  the  form  and  dimensions  ^hown 
in  figure  2a.  Speoimens  shall  be  out  in  a, direction  suoh  that  the 
fraoture  face  of  the  speoimen  shall  be  parallel  to  the  direotion  of 
major  ratio  of  reduotion  in  gage  during  working.  The  notch  shall  be 
out  perpendloular  to  the  plate  surfaoe.  (See  6.2.) 

U.6.8.2  Speoial  specimens,-  Impaot  speoimens  from  samples  lees  than 
7/16"  shall  be  maohined  to  the  form  and  dimensions  shown  in  figure  2b. 
Speoial  speoimena  shall  be  out  in  a  direotion  suoh  that  the  fraoture 
face  of  the  speoimen  shall  be  parallel  to  the  direotion  of  major  ratio 
of  reduotion  in  gage  during  working.  The  notch  shall  be  out  parallel 
to  the  plate  surfaoe. 

li.6,9  pooling  and  fraoturing  of  specimens.-  Eaoh  speoimen  shAll  be 
brought  -do  a'temperature  of  -46  degrees  +  2  degrees  F.  and  maintained 
at  that  temperature  in  a  liquid  eooling  medium  for  a  period  of  at  least 
15  minutes  prior  to  being  broken.  Speoimens  shall  be  broken  in  a 
beam-type  impaot  testing  machine  within  %  seconds  after  removal  from 
the  oooling  medium. 
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4.6.10  Interpretation  of  teat  results. 

4.6.10.1  Qualification.-  The  impact  resistance  obtained  on  all 
specimens,  taken  from  samples  of  the  same  thickness,  which  ware  sub¬ 
mitted  for  qualification  at  the  same  time,  shall  be  averaged.  Failure 
of  this  average  to  meet  the  minimum  requirements,  for  ths  appropriate 
hardness  range  specified  in  table  III,  shall  be  cause  for  rejection  of 
the  lot  represented  by  the  specimens.  The  hardness  shall  be  the 
average  of  all  hardness  readings  determined  in  acoordanoe  with 

4. 7.1,2  and  4* 7*4.2, 

4.6.10.2  Primary  acceptance.-  The  impact  resistance  obtained  on  all 
specimens  taken  frour'each  sample  shall  be  averaged.,  Failure  of  the 
average  obtained  on  any  sample  to  meet  the  minimum  requirements,  for 
the  appropriate  hardness  range  specified  in  table  III,  shall  be  oause 
for  rejection  of  all  material  from  the  heat  whioh  is  taken  from  the 
same  ingot  looation,  In  the  event  of  such  a  failure  all  material 
braoketed  by  two  acceptable  samples  shall  be  considered  acceptable.  The 
hardness  shall  be  the  average  of  all  hardness  readings  determined  on 
each  specimen  in  accordance  with  4, 7. 1,2. 

./.twyw'A*  repretenting 

4.6.10.3  Produot Ioq^loc ept ano e The  impact  resistanoe  obtained  on 
all  specimens  trom&  lot  snail  be  averaged.  Failure  of  this  average 
to  meet  the  minimum  requirements,  for  the  appropriate  hardness  range, 
speoified  in  table  III,  shall  be  cause  for  rejection  of  the  lot 
represented  by  the  epeolmens.  The  hardness  shall  be  the  average  of  all 
hardness  readings  determined  in  acoordanoe  with  4. 7.1. 2  and  4. 7,4.2, 

4.6ilO,4  In  the  event  that  the  fraoture  of  a  test  specimen  exhibits 
a  lamination  which  la  revealed  as  an  open  splitj  or  sharply  defined 
shelves  extending  the  full  width  of  the  fractured  surface  additional 
test  specimens  shall  be  prepared  from  the  same  sample  until  a  satis¬ 
factory  speoimsn  is  obtained  to  replaoe  it, 

4.7  Hardness  tests. 

4.7.1  Frequency  of  teats ■- 

4. 7. 1.1  Production  plates  and  ballistic  test  plates.-  Each  plate  in 
each  lot,  including  acceptance  ballistic  test  plates  and  qualification 
ballistic  plates,  shall  be  subjected  to  a  Brinell  hardness  test  in  not 
less  than  two  places  on  each  face.  Hardness  tests  may  be  made  on  the 
surfaces  of  pieces  cut  from  the  plate  after  heat  treatment, 

4.7. 1.1.1  After  it  has  been  established  to  the  satisfaction  of  th* 
Government  inspector  that  uniformly  identical  readings  are  obtained  on 
both  faces  of  plates  he  may,  at  his  option,  require  that  Brinell 
hardness  testing  be  conducted  on  only  one  faco.  When  this  practice 

is  used  periodic  check  tests  on  both  faces  shall  be  made  to  insure 
that  uniform  hardnesses  are  being  maintained. 
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U.7.1.2  Samples  for  Impact  test.-  Each  sample  from  whieh  Impact  teat 
specimens  are  taken  shall  have  a  cross-section  hardness  check  made 
upon  It)  as  follows i  For  samples  less  than  7/16"  in  thickness,  a 
minimum  of  two  hardness  readings  shall  be  taken  on  the  surfaoe.  For 
samples  7/l6"  or  greater  to  3.99"  in  thickness,  a  minimum  of  two 
hardness  readings  shall  be  taken  from  a  location  midway  between  the 
surfaces  of  the  plate.  For  samples  It"  or  greater  in  thiokness,  at 
least  six  hardness  readings e quid  is  tantly  across  the  thickness  of  the 
plato/shall  be~takefiy<Tha  average  hardness  samples  It"  or  greater  in 
thickness  shall  fall  within  a  range  of  +  ,05mm  of  the  range  specified 
for  the.  thickness  involved. 

U.7i>2  Preparation  for  teating.- 

It. 7. 2.1  Surface  hardness.-  Prior  to  testing  the  Surface  hardness  of 

plates,  al3T"surface  scale  and  decarburization  shall  be  removed  from 
the  areas  where  the  teats  are  to  be  made. 

U.7.2.2  Cross -sectional  hardness.-  Sections  upon  which  cross-seotional 
hardness'  tests  are  to  be  made  shall  be  surfaoe  ground  with  the  opposite 
faoea  parallel  to  one  another. 

It. 7.3  Kethod  of  test.-  Brinell  hardness  tests  shall.be  made  with  a 
standard  Brinell  hardness  testing  machine,  using  a  10mm  oarbide  ball 
and  a  3000-kilogram  load. 

ii.7,1*  Interpretation  of  test  results. 

it. 7 oU.l  Surface  harness  of  production  plates. and  ballistic  test 
'  plates.-  The  hardness  values  obia'lne'd'  on  each  plate  shall- be  averaged. 

If  the  average  thus  obtained  is  outside  the  range  specified  in  Table  II, 
or  if  the  diameters  of  Brinell  impressions  made  on  any  one  plate  vary 
by  more  than  0,l5mm  between  the  maximum  and  minimum  values,  the  plate 
shall  be  subject  to  rejection. 

U.7.U.2  Samples  for  impaot  tests.-  The  hardness  readings  obtained  in 
accordance  witli  2  on  'all'  samples  except  primary  acceptance  test 

samples  shall  be  averaged.  For  primary  acceptance  test  samples  the 
readings  obtained  on  each  sample  shall  be  averaged  separately  (see 
U.6.10.2).  The  average  thus  obtained  shall  be  used  to  determine  the 
level  of  impact  resistance  applicable  to  the  lot  as  specified  in 
Table  III, 
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U,8  Fracture  test  for  steel  soundness. 

U.8.1  location  of  specimens  for  aooeptanoe_  testing.-  Specimens' for 
the  fracture  test  for  acceptance  testing  shall  betaken  from  plates 
from  the  top,  middle,  and  bottom  of  the  first,  middle,  and  last  usable 
ingots  of  each  heat.  Each  fracture  test  specimen  shall  be  out  from  a 
location  in  the  plate  rolled  from  a  slab  so  that  the  centerline  of  the 
sample  falls  within  the  central  half  of  the  length  of  the  plate  produot 
of  the  slab  in  the  case  of  cross-rolled  plate  and  the  width  of  the  plate 
produot  of  the  slab  in  the  case  of  transversely  spread  and  longitudinally 
rolled  plate.  The  test  specimen  shall  be  from  the  edge  corresponding 
to  the  top  of  the  slab  in  the  case  of  top-slab  and  middle-slab  produots 
and  from  edge  corresponding  to  the  bottom  of  the  slabs  in  the  case  of 
bottom-slab  products,  (See  figure  3.) 

U. 8.1.1  When  an  ingot  is  processed  into  a  single  plate,  specimens  for 
fracture  tests  shall  be  taken  from  locations  representing  the  top  and 
the  bottom  of  the  ingot  only  end  from  locations  as  specified  in  u.8.1* 

U.8.2  Location  of  specimens  for  qualification  testing.-  Specimens  for 
the  fracture  test  for  qual ii'icai ion  tes ting  shall  Be  out'  from  a  location 
in  the  plate  .rolled  from  a  slab  so  that  the  oenterline  of  the  sample 
falls  within  the  central  half  of  the  length  of  the  plate  product  of 
the  slab  in  the  case  of  oross-r&led  plate  and  the  width  of  the  plats 
produot  of  the  slab  in  the  case  of  transversely  spread  and  longitudinally 
rolled  elate* 

U.8.3  Siae  of  specimens.-  The  fraoture  test  specimens  shall  be  of  the 
full  thiokness  of  the  plate,  and  a  convenient  length  far  fracturing  under 
the  press  available.  The  long  dimension  shall  be  parallel  to  the 
diraotion  of  major  ratio  of  reduction  in  gage.  Dimensions  of  specimens 
shall  be  such  as  to  provide,  after  notohing,  the  following  minimum 
width  of  fracture  surfaoa,  as  shown  in  table  IX. 

TABLE  IX  -  Width  of  fracture  surfaces. 

'  ~ ihicicness/lnchGsJ  '  Minimum  width  of 

^  Fraoture  Surfaoe  (Inohes) 

3 
U 


l/h  to  11/16,  inclusive 
Greater  than  11/16,  to  1-1/8,  Incl. 
Greater  than  1-1/8,  to  2,  incl*. 
Qreater  than  2,  to  12,  inol. 


U*8.U  Preparation  and  fracturing  of  specimens*-  The  specimen  shall  be 
nioked  in  from  the^e3iee  of  tmT  specimen  at  the  center  of,  and  per¬ 
pendicular  to,  the  longitudinal  axis  and  shall  be  broken  slowly  in  a 
press.  In  addition  to  the  nicking  prescribed  above,  specimens  greater 
than  U"  in  thiokness  may  be  nioked  on  one  surface  to  a  depth  not  to 


—1U- 
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exceed  1/2"  to  facilitate  breaking.  His  steel  soundness  shaH  be  rate d 
only  on  fractures  exhibiting  «i  fibrous  appearance.  To  avoid  i>rystalline 
fractures,  fracture  test  specimens  may  be  softened  by  tempering  at  any 
desired  temperature* 


u.b.S,  Standards  for  steel  soundness.-  To  determine  eomplianee  with 
3«1«2>*  ell  madfl  in  eonneotion  with  inspection  for  acceptance 

under  this  specification  shall  be  rated  as  "acceptable"  or  "rejeotable" 
by  the  inspector  in  accordance  with  the  line  drawings  shown  in  figure  U* 


lx. 8, 5.1  Descriptions.-  In  borderline  oases,  the  following  descriptions 
of  the  standards  shall  Ee  used  in  making  decisions  as  to  acceptability 
or  r'ejectability  (see  figure  U)  i 


A 

B 

C 


Fraoture 

(a)  Devoid  of  visible  laminations. 


Fracture 

(a)  Small  laminations  present  but  well  distributed  and  not 
oonoent rated  in  any  one  plane. 


(a)  Lamination  or  laminations  present  exceed  limits  for  "B" 
fracture. 

(b)  No  single  lamination  exceeding  2T  in  length  or  3", 

whichever  is  less.  ,  ,  .. 

(o)  No  single  lamination  exceeding  1-1/2T  or  3"  in-,  length, 

whichever  is  less,  in  conjunction  with  another! disconnected 
lamination  in  the  same  plane. 

(d)  No  lamination  or  laminations  in  any  one  plane  with  a 
total  length  .exceeding  50 .percent  of  length  of  fracture. 


D-l  Fraoturo 

(a)  Lamination  or  laminations  present  exceeding  limits 
for  "C"  fracture  but  contained  entirely  within  the 
center  third  of  the  plate  cross  section. 

(b)  Continuous  or  essentially  continuous  laminations  (total 
length  of  lamination  or  laminations  in  same  plane 
exceeding  $ 0  percent  of  length  of  fraoture,  or  3", 
whichever  ie  less)  In  not  more  than  three  planes,  all 
of- which  are  entirely  within  the  oenter  third  of  the 
plate  oross  seotlcn. 


D-2  Fraoture 

(a)  Lamination  or  laminations  present  exceeding  limits  for 
"C"  fracture,  with  one  or  more  planes  of  such  laminations 
looated  outside  of  the  oenter  third  of  the  plate  cross 
section. 

(b)  Continuous  or  essentially  continuous  laminations 
(total  length  of  lamination  or  laminations  exceeding 

$0  percent  of  length  of  fraoture)  in  not  more  than  three 
planes,  one  or  more  of  which  is  looated  outside  of  the 
center  third  of  the  plate  oross  section. 


£  Fraoture 

(a)  Continuous  or  essentially  continuous  laminations  (total 
length  of  lamination  or  laminations  in  same  plane 
exceeding  50  percent  of  length  of  fracture)  in  not  mere 
three  planes  located  anywhere  in  plats  cross  section. 
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U.8.5.2  Thickness  in  heal.-  When  a  heat  Is  rolled  into  more  than  one 
thickness,  the  produot  of  each  thiokness,  for  the  purpose  of  fraoture 
soundness  tests,  shall  be  considered  as  a  separate  heat  and  the  standard 
prescribed  in  U.8.5  for  the  applicable  thickness  shall  apply* 

U.8.5.3  Rejection."  Failure  of  any  fracture  test  specimen  to  meet 
the  standards  shown  in  b.8.5  shall  be  oause  for  rejection  of  the  pro* 
duct  of  the  slab  represented* 

b.8.5.3.1  .Ingot  location."  In  oase  of  failure  of  one  or  more  of  the 
three  specimens  from  a  given  ingot  location,  the  following  procedure 
shall  apply  t 

lt.8.5.3,1.1  Rejeotable."  The  product  of  all  slabs  braoketed  by  two 
rejeotable  fractured  specimens  shall  be  subject  to  rejection. 

U. 8. 5. 3. 1.2  Acceptable.-  The  product  of  all  slabs  bracketed  by  two 
acceptable  fracture  specimens  shall  be  considered  acceptable  with 
regard  to  freedom  of  laminations  and  injurious  inclusions* 

U.8.5.3.1.3  Border-line.-  When  slabs  of  a  given  ingot  looation  are 
bracketed  by  one  acceptable  and  one  rejeotable  fraoture  test  speolmen, 
a  fracture  test  shall  be  made  on  a  specimen  from  the  same  location  in 
an  ingot  in  the  middle  of  the  group  bracketed  by  original  test 
specimens  and  the  teat  speoimen  from  the  middle  of  the  group. 

U.8.5.3.2  Slab  braoketing.-  In  bracketing  tested  slabs, ^ose  from 
which  fractured  test  specimens  have  been  taken  and  tested  in  aoeordance 
with  U.8.1  to  It.8*!i  inclusive,  the  following  procedure  shall  apply j 

Li. 8.5. 3. 2*1  ingots  of  six  or  more  slabs.-  Produot  to  be  bracketed 
between  tested  slabs  of  the  eam'e  l"’|t->t,  'as  well  as  between  tested  slabs 
from  the  same  location  in  other  ingots.  Should  a  slab  be  bracketed  in 
one  direction  by  two  acceptable  test  slabs  and  in  the  other  by  one 
acceptable  and  one  rejeotable  test  slab,  the  slab  thus  bracketed  will 
be  considered  rejeotable,  unless  otherwise  definitely  indicated  by 
additional  fraoture  tests. 

U. 8.^.3. 2, 2  Ingots  of  five  slabs.-  Produot  to  be  bracketed  only 
between  tested  slabs  in  the  same  ingot  position.  Acceptability  of 
the  No.  2  and  the  No.  U  slabs  shall  be  determined  by  the  results  of 
the  fracture  test  on  the  bottom  of  the  No.  3  slab. 

U.8.5.3.2,3  Ingots  of  four  slabs.-  Product  to  be  braoketed  only 
between  tested  slabs  in  the  same  ingot  position.  Acceptability  of  the 
No.  3  slab  shall  be  determined  by  the  results  of  the  fraoture  test  on 
the  bottom  of  the  No.  2  slab. 

1|.8.5*U  Rejection  of  individual  plates.-  Any  plate  from  which  an 
unacceptable  fraoture  test  sample  has  been  cut  shall  be  subject  to 
rejection. 

-Id- 
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U«8.5<  5  Acceptance  of  individual  plates. -  Individual  plates  from  an 
ingot  location  aubJucF’to* rejection  under  U.8,5*3  may  be  accepted  if 
an  acceptable  fracture  teat  sample  has  been  cut  from  them,  provided  no 
rejeotable  fracture  test  sample  has  been  cut  from  them. 

h.9  Ballistic  test.  (See  6.3.) 

U.9.1  Ballistic  test  plates  for  qualification.-  The  number  and  sizes 
of  ballistic  test  pistes' for  qualification  shall  be  in  accordance  with 
the  requirements  of  table  VI. 

U.9.2  Ballistic  test  plates  for,  primary  acceptance."  Each  primary  lot 
of  armor  shall  be  represented  by  one  ballistic  test 'plate  of  the 
thickness  of  the  lot  involved.  The  size  of  the  acceptance  ballistic  test 
plates  shall  correspond  to  the  size  given  in  table  VI. 

U.9.3  Ballistic  test  plates  for  qualification  and  primary 
acceptance  tests  shall  be  tested  to  determine  compliance  with  the 
requirements  of  3.6.  (see  6.U). 

h.9.l»  Definitions. 

U.9.U.1  Army  oomplete  penetration,  CP(A).-  An  Army  complete  J 

penetration  will  have  been  obtained  When  ah  ole  is  made  that  allows 
the  passage  of  light  through  the  test  plate,  or  when  any  part  of  the 
projeotile  in  the  plate  oan  be  seen  from  the  rear  of  the  test  plate. 

If  it  is  questionable  whether  any  part  of  the  projectile  oan  be  seen, 
the  round  shall  be  disregarded  and  another  round  shall  be  fired. 

U.9.U.2  Protection  complete  penetration,  CP(P)»-  A  protection 
oomplete  penetration:  is  an  impaot  that"  "causes  ary  fragments  of  pro- 
Jeoti4.es  or  plates  to  pass  beyond  the  limits  of  the  baok  of  the  plate. 

This  condition  shall  bs  determined  by  perforation  of  a  0,020-inch  thick 
aluminum-alloy  sheet  (2I4ST  or  equivalent)  placed  6  inohes  to  the  rear 
and  parallel  to  the  plate,  or  the  equivalent  thereof,  at  the  discretion 
of  the  proof  officer. 

U.9.U.3  Partial  penetration,  PP( A)  or  PP(P).-  Any  fair  impact  that  is 
not  a  complete  penetration  shall  be  considered  a  partial  penetration. 

U.9.U.U  Fair  impact,,-  An  impact  which  is  three  calibers  or  more  away 
from  another  impact"  or  two  oalibers  or  more  away  from  any  plate  edge 
is  a  fair  impact. 

U.9.U.3  Ballistic  limit  BL.-  The  ballistic  limit  is  the  average  of  two 
velocities,  one" oi*  which* is  the  lowest  at  which  a  oomplete  penetration 
occurs,  and  the  other  the  highest  partial  penetration  below  the  oomplete 
penetration.  The  difference  between  the  two  velocities  shall  not  exceed 
3'0  feet  per  second  when  projectiles  37mm  i!n  diameter  or  less  are  used,  or 
30  feat  par  second  when  projectiles  greater  than  37mm  in  diameter  are  used. 
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h.9 .h,&  impact  velocities The  required  impaot  velocities  for 
ballistic  HHCiTTVables  T7  and  V)  between  two  consecutive  tabulated 
thicknesses,  shall  be  determined  by  the  correction  factors  shewn  in 

tables  1  and  II. as  applicable. 

Tht'e-fcn ^aterm.1 h otic, a. 

h.9 .h.?^The  average  thiekness  of  test  plates  shall  be  the  average  of 
five  thickness  measurements,  one  at  each  corner  of  the  plate,  2  inches 
from  either  edge,  and  one  at  the  center.  Thickness  readings  shall  be 
taken  to  the  nearest  0,01  inch. 

Li.9.U*B  Craoking  -  Craeking  of  ballistic  test  plates  to  such  an 
extent  that,  inlhe  opinion  of  the  proof  officer,  satisfactory  ballistic 
limit  determinations  cannot  be  made  shall  constitute  failure  of  the 
ballistic  tests  and  the  rejection  requirements  of  U.9.J>  or  U.9.6  shall 
apply. 

1 i.9*U.9  Laminations  or  inclusions.*  When  the  ballistic  tests  reveal 
injurious  laminations  or'  inclusions  in  any  test  plate  that  in  the 
opinion  of  the  Chief  of  the  supply  service  involved,  are  detrimental 
to  the  strength,  ballistic  properties  or  serviceability  of  the  armor, 
the  material  represented  by  the  plate  shall  be  subject  to  rejection. 

U.9.5  Failure  of  qualification  test  plate.-  Failure  of  any  one  of  the 
qualification  ballistic' test  plates  or  teat* 'samples  to  meet  any  of  the 
tests  when  inspected  In  acoordanoe  with  this  speoifloation  shall  be 
oauae  for  rejection  of  the  manufacturing  prooese  represented  by  the 
thickness  of  the  failing  plate  or  plates.  Mo  retesting  of  the 
originally  submitted  qualification  ballistic  test  plates  shall  be 
permitted.  To  achieve  qualification,  the  manufacturer  must  submit  3 
new  ballistic  test  plates  all  of  which  shall  pass  all  tests  outlined 
in  this  specification, 

li.9.6  Failure  of  primary  acceptance  test  plates."  Failure  of  the 
primary  acceptance  ballistic  test  plate  to  meet  any  of  the  tests  w'.ien 
inspected  in  accordance  with  this  specification  shall  be  cause  for 
rejection  of  the  lot  represented  by  the  failing  plate. 

li.10  Retesting. 

U.10.1  Hardness.-  Plates  rejected  for  low  or  high  hardness  may  be 
retested  without  retreatment  at  the  option  of  the  contractor.  Under 
such  conditions  twice  the  original  number  of  hardness  readings  shall 
be  taken  and  the  results  of  all  readings  taken  on  the  plate  shall  be 
averaged  to  determine  compliance  with  the  requirements  of  table  II. 
Plates  rejected  for  high  hardness  may  be  retempered,  in  which  case 
only  those  readings  taken  after  retempering  shall  be  used  to  determine 
acceptability.  Platos  rejected  for  low  hardness  may  be  requenched  and 
retempsred,  in  which  case  testing  shall  be  conducted  in  accordance  with 
the  requirements  for  original  testing. 
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b.10.2  Primaiy  and  production  impaot  resistance.-*  A  primary  sample 
or  production  lot  rejected- for  low  impact  resistance  may  be  ret jsied 
without  retreatment  by  taking  not  less  than  six  additional  specimens 
.from  the  steel  under  consideration.  Additional  specimens  shall  be 
taken  from  the  same  sample  as  the  original  tests.  If  the  average 
impact  resistance  of  all  testa  from  the  sample  meets  the  requirements 
of  table  III  for  the  appropriate  hardness  range,  the  primary  sample  or 
production  lot  shall  be  accepted,  otherwise  it  shall  be  subject  to 
rejection. 

U.10,3  Ballistic  properties."  A  primary  lot  rejected  for  failure  of 
primary  acceptance  Ballistic  test  plates  to  meet  the  requirements  of 
3.6  may  be  retested  using  the  same  heat  treatment  at  the  option  of  the 
contractor.  Uhder  such  conditions,  two  additional  plates  shall  be  sub¬ 
mitted  from  the  lot  under  teat.  Failure  of  either  of  these  plates  shall 
be  oause £a?  rejeotion  of  the  lot  represented  and  no  further  testing 
shall  be  permitted  on  the  material  using  the  same  heat  treatment, 

b.lO.b  Retest  after  reheat  treatment.-  A  primary  sample  or  production 
lot  that  has'  been  rejected  may  be  'reheat-treated  by  quenohing  and 
tempering  and  resubmitted  for  test  in  aooordanoe  with  the  requirements 
for  original  testing.  Failure  of  samples  and  or  ballistic  test  plates 
after  reheat  treatment  shall  be  cause  for  rejection  of  the  lot  they 
represent.  However,  production  plates  rejected  for  failure  to  meet 
the  impact  resistance  requirements  may  be  accepted  individually  on  the 
basis  of  tests  made  on  each  plate. 

U.10.U.1  Production  plates  that  are  retempered  only  to  meet  the 
hardness  requirements  shall  not  bs  subjeot  to  retest  for  impaot 
resistance.  Production  plates  requenohod  and  retempered  to  meet  the 
hardness  requirements  shall  be  tested  for  impaot  resistance  and 
hardness  as  a  new  lot.  .J 

ball  Chaok  analysis  for  oarbon  content.-  The  sample  shall  be  taken 
by  drilling"  or  milling  completely'  'through  the  plate  at  any  looaticn. 

Surface  ohips  shall  be  discarded  and  the  remaining  chips  shall  be 
thoroughly  mixed  before  analysis. 

♦ 

5.  PREPARATION  FOR  DELIVERY 

Sal  Preparation.-  Unless  otherwise  specified  all  maohined  surfaces 
of  plates  shall'  be  o oatad  with  a  suitable  preventive  to  insur?  against 
oorrosion  during  transportation.  Itechlned  surfaces  shall  be  clean  and 
free  from  moisture  before  this  coating  is  applied.  The  preventive 
ooating  shall  be  such  as  can  be  easily  removed. 

5.2  Packing  for  shipment.-  All  plates  shall  be  packed  for  shipment 
in  suoh  a  manner  as 'to  insure  acceptance  by  common  or  other  carrier, 
ior  eafe  transportation,  at  the  lowest  rate,  to  the  point  of  delivery. 

5.3  Marking  for  identification.-  Plates  (green  and  heat-treated) 
shall.  BV “indelibly "and  legibly 1  marked  with  the  melt,  heat,  and  lot 
number  or  symbols  that  will  definitely  identify  the  plates  with 
inspection  and  test  reports  and  with  shipping  documents. 

6.  NOTES 

6.1  Intended  use.-  The  armor  specified  herein  is  for  use  on  combat 
vehicles,  emplacements,  and  the  like.  It  is  for  protection  against 
armor-pieroing  projeotlles,  bursting  shell,  and  fragments  of  high- 
explosive  ammunition.  security  Information 
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6.2  Impact  specimen,-  Tolerances  on  the  notch  of  the  Charpy  impact 
test  specimens  may  be  ohecked  by  means  of  a  comparator  or  metalloscope 
at  a  magnification  of  at  least  ten  in  the  following  manner*  Project 
the  profile  of  the  base  of  the  notch  on  the  ground  glass;  fit  a 
circle  with  a  radius  .10"  (10X)  drawn  on  transparent  paper  to  the 
profile  of  the  notoh  base.  Deviations  of  ,001"  from  the  standard 
,01"  radius  oan  be  deteoted  by  this  means.  If  there  is  any  question 

as  to  the  radius,  it  may  be  compared  with  circles  of.,09"  and  .11"  (10X), 

At  the  time  the  radius  is  measured,  the  notch  may  be* cheeked  to 
ascertain  that  the  sides  make  an  angle  of  1*5  degrees  and  are  tangent 
to  the  are  at  the  notoh. 

6.3  Ownership  of  ballistic  test  plates. 

6.3.1  Qualification  test  plates.*  Qualification  test  plates  are  the 
property  of  the  manufacturer  seeking  qualification.  Arrangements  ‘should 
be  made  by  him  to  have  them  returned  at  the  conclusion  of  ballistic  tests 
or  to  authorize,  in  writing,  the  scrapping  of  the  plates  by  the  proving 
ground  making  the  tests. 

6.3.2  Acceptance  test  plates.-  Acceptance  tost  plates  that  comply  with 
the  requirements  of.  this  specification  are  considered  as  pait  of  the 
lot  of  steel  they  represent  and  ownership  of  them  passes  to  the 
Government  with  the  acceptance  of  that  lot.  Acceptance  test  plates 
that  fail  to  comply  with  the  requirements  of  this  specification  are 
considered  as  part  of  the  lot  they  represent  and  remain  the  property 

of  the  producer  Just  as  does  the  rejectable  lot  they  represent. 

6.4  ~  Shan  the  ballistic  limit  is  actually  lass 

than  that  called  for  by  applicable  requirements,  the  plate  may  be  aooepted 
tinder  border  conditions  a  a  follows. 

6.4.1  Criterion  on. 50  f/s  difference.-  Acceptance  ia  granted  In  those 
oases  where  a  50  f/e  difference  between  the  high-partial  and  low-complete 
penetration  ia  allowed  for  ballistic-limit  determination  when  a  partial 
ooours  at  or  above  the  speoified  minimum  impact  velooity  minus  25  f/e,  provid¬ 
ing  no  complete  penetration  la  obtained  at  or  below  the  required  minimum  im¬ 
pact  velooity. 

6.4.2  griterlon  on  3Q  f/s  difference.-  Aooeptanoe  ie  granted  in  those 
oases  where  a  30  f/s  difference  between  the  high-partial  and  low-complete 
penetration  is  allowed  for  ballistic-limit  determination  when  a  partial  oooura 
at  or  above  the.  speoified  minimum  impact  velooity  minus  15  f/s,  providing  no 
complete  penetration  is  obtained  at  or  below  the  required  minimum  impact 
velocity, 

6,5  Thickness.-  The  symbol  "T"  is  used  throughout  this  specification 
to  indicate"' the  nominal  thickness  of  the  plate  under  consideration, 

NOTICE*-  This  specification,  together  with  specifications  and 
drawings  pertaining  to  it  and  bearing  a  "Notice"  of  similar  restrictions, 
ia  intended  for  use  only  in  connection  with  procurement  by  th*  United 
States  Government;  and  shall  not  be  reproduced  either  wholly  or  in  part 
except  when  authorized  in  connection  with  Government  procurement,  nor  be 
used  for  any  other  purpose  except  when  specifically  authorized  by  the 
agency  concerned. 
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NOTES:  PERMISSIBLE  VARIATIONS:  (toltroneu) 

CROSS-SECTIONAL  DIMENSIONS  ±  0.028 VM  (0.001  ) 

LENGTH  OF  SPECIMEN . ±  0.25  MM  (0.010  ) 

ANCLE  OF  NOTCH . ±  I* 

RADIUS . ±  O.OOU. 

OUTWOF*  SQUARENESS - *  0.001 
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02' REJECTABLE  UP  TO  E-REJECTABLE  ALL 

6"  INCL.  ACCEPTABLE  ABOVE  6"  THICKNESSES 


FRACTURE  STANDARDS  FOR  ROLLED  PLATE 
1/4"  TO  12"  IN  THICKNESS, 


FIGURE  4 
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CONFIDENTIAL 


CONFIDENTIAL 

Modified  Bundling  Authorized 


The  document  to  which  this  Notice  is  attached  oontaina 
information  affecting  the  National  defense  of  the  United. 
States  within  the  meaning  of  the  espionage  lavs.  Title 
18,  U.8.C. ,  Sees.  793  and  79^»  the  transmission  or  re¬ 
velation  of  whioh  in  any  manner  to  an  unauthorized  per¬ 
son  is  prohibited  by  law,  ^ 


MH-A-H356B(0rd) 
NOTICE  -  1 
28  Ootober  193b 


MILITARY  SPECIFICATION 

ARMOR,  STEEL.  CAST,  HOMOGENEOUS*  COMBAT -VEHICLE  TYPE 
(1/4  to  12  Inehes,  Inclusive) 

This  notice  forms  a  part  of  specification  MIL -A -11356b  dated  10  September 

1953,  and  shall  constitute  the  covering  pag®  of  the  specification. 


The  security  classification  of  MH-A-11356B,  dated  10  September  1953  > 
is  .ohanged  from  "Restricted  Security  Information"  to  "Confidential  Modified 
ijandi ing  Authorized"  as  of  the  date  of  this  Notice. 

Change  the  words  "Restricted  Security  Information"  appearing  at  the 
top  and  bottom  of  eaoh  page  of  the  speoifloatlon  to  read  "Confidential  Modi¬ 
fied  Handling  Authorized"  to  indicate  the  proper  seourlty  classification. 


(Copies  of  specifications,  standards,  drawings,  and  publications  re¬ 
quired  by  contractors  in  oonneotlon  with  epeolflo  procurement  functions 
should  he  obtained  from  the  procuring  activity  or  as  dlreoted  by  the  con¬ 
tracting  officer.) 


It  Col,  Ord  Corps 


Office.  Chief  of  Ordnsnoe 
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Modified  Handling  Authorized 
When  attached  to  Speoifloatlon  MU-A-11356B 


8f0  MM*? 


CONFIDENTIAL 

MODIFIED  8AN0LIN6  AUTMOBIIEI 


WARNING*  This  document  contains  information  affecting  the  National 
Defense  of  the  United  States  vithin  the  meaning  of  the  Espionage 
Laws,  Title  18.  U.S.C.,  Sections  793  and  794*  The  transmission 
or  the  revelation  of  its  contents  in  any  manner  to  an  unauthorized 
person  is  prohibited  by  law. 
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AMENDMENT-2 


IQ  September  lQ<n 
SUPERSEDING" 


AMENDMENT-1 
28  May  1953 


MILITARY  SPECIFICATION 


ARMOR,  STEEL,  CAST,  HOMOGENEOUS;  COMBAT-VEHICLE  THE 
(1/4  to  12  Inches,  Inclusive) 


The  following  changes  shall  be  made  in  Specification  MIL-Ai-11356B 
(QRD),  dated  2  January  1953* 

•Page  9,  para.  4. 5.1.8.  Delete  and  substitute* 

"4.5 .1.8  Interpretation  of  test  results.-  Except  as  provided 
in  4«5. 1.8.1  the  Impact  resistance  obtained  on  all  speolaens  from  a  block 
shall  be  averaged  and  the  excess  or  deficiency  of  this  average  determined 
over  or  under  the  minimum  requirement,  for  the  appropriate  hardness  range. 
The  excesses (plus)  and  deficiencies  (minus)  thus  determined  for  all  blocks 
from  the  lot  shall  be  averaged.  If  the  average  of  the  excesses  (plus)  and 
deficiencies  (minus)  from  a  lot  is  less  than  zero,  the  lot  represented 
shall  be  subject  to  rejection.  The  hardnesses  shall  be  those  determined 
in  accordance  with  4.5.2.1.2  and  4.5. 2.4.2. n 

•Page  11,  para.  4.5»2.4.2.  First  sentence: 

Delete  "all  blocks"  and  substitute  "each  block". 

Second  sentence* 

Delete  "lot"  and  substitute  "block". 

•Rage  12,  paragraph  4.6,2.  Delete  last  sentence  and  substitute* 

"The  excesses  and  deficiencies  shall  be  redetermined  for  each 
block  and  the  average  excess  or  deficiency  redetermined  for  the  lot.  If 
the  average  of  the  excesses (plus) and  deficiencies (minus)  from  a  lot, 

after  redetermination,  is  less  tnan  zero, the  lot  represented  shall  be  sub¬ 
ject  to  rejection." 
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Page  35 1  Table  B-U.  Delete  In  its  entirety  and  substitute  tba  following 
table i 

"  TABLE  B-II  C1A3SIFICATI0N  OF  DEFECTS 
FOR  THICKNESS  1/4  to  12  INCHES  INCLUSIVE 


Claaalfl cations  A  A  B|  Dafeets  subject  to  complete  heat  treatment  after  being 
welded)  l.e.,  hardened  and  tempered,  shall  be  olaaalfied  as  Class  A.  Defects 
subject  to  tempering  only  shall  be  classified  as  Class  B*  Extent  of  heat 
treatment  (i*e.,  complete  or  tempering)  shall  be  as  established  by  the  recorded 
K'ntir  mvmcsit - - - 


fiftit.-jtf.flaC taA 

9 

•%* 

3 


JSssiaa 


T 

1/4T 
1/8T  to  3A6  in. 


jfedgBi 

in.  or  30T  sq.  In* 
(whichever  is  greater) 

T  width,  no  limit  lx\  length 

250  Sq.  in*  or  80T  sq*  In* 
(whichever  is  greater) 

Ho  limit 


Class  if  icatia.  C;  Defects  requiring  no  thermal  treatment  after  welding* 


2 

3 

4 

5 


I  to  4  m. 

T  to  2  in. 

1/2T  to  lin 
1/4*  to  1/2  in. 
1/ST  to 


Ssgface  Area,  Maxlaai 
2  in.  width,  8  in.  length 
24  Sq.  in* 

36  Sq*  la* 

48  Sq*  in* 

96  Sq.  la* _ ■ 


Motes t 

1*  The  symbol  *T*  as  used  la  this  table  represents  the  thickness  of  the 
oastlng  at  the  location  involved* 

2*  If  the  dimensions  of  any  else  of  defect  In  the  C  condition  does  not 
exceed  l/2  of  that  allowed  above,  both  for  depth  and  area,  and  if  the  elec¬ 
trode  employed  ie  one  that  has  been  qualified  baHlatlcally,  s  ballistic 
qualification  plate  will  not  be  required* 

3*  For  the  A  &  B  condition*  only,  a  sise-1  dofoet  may  bo  repaired  within 
the  boundary  of  a  siso-3  or  -4  defect,  provided  the  total  area  doss  not  exceed 
that  allowed  for  the  siso~3  or  -4  defeot  and  the  repaired  area  for  siae-1 


defect  docs  not  oxoeed  the  area  allowed  for  that  category* 


Custodiant 

A nay  -  Ordnance  Corps 


v 


#t»te^iskxindicateB  changes  differing  from  or  in  addition  to  previous 
amendment  • 


8P0  M4S  1  f 


/  1PE.I1  I  I  IS  Bi 

MODIFIED  HANDLING  AUTHORIZED 


WARNING:  This  document  contains  information  affecting  the  National 
Defense  of  the  United  States  within  the  Espionage  Act,  50  U.3.C,  31 
and  32,  as  amended.  Its  transmission  or  the  revelation  of  its  con¬ 
tents  in  any  manner  to  an  unauthorized  person  is  prohibited  by  law. 
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20  December  1951 


MILITARY  SPECIFICATION 

ARMOR,  STEEL,  CAST,  HCMOCBNEOUSj  C CHEAT-VEHICLE  TYPE 
(1/4  TO  12  INCHES,  INCLUSIVE) 


1,  SCOPE 

1.1  This  specification  o  overs  two  ,'jrades  of  cast  steel,  combat^ 
vehiole-type  homogeneous  armor  in  thicknesses  from  1/A  to  12  inches 
inclusive,  (See  6.1.) 

1.2  Classification . - 

1.2.1  Grade-1  oast  armor  is  amor  which  is  so  heat-treated  that 
maximan  resistance  to  penetration  is  developed. 

1.2.2  Grade-2  oast  amor  is  armor  which  is  so  heat-treated  that 
resistance  to  shook  is  developed. 

2.  APPLICABLE  SPECIFICATIONS  AND  STANDARDS 

2,1  The  following  specifications  and  standards,  of  the  issue  in  effect 
on  the  date  of  invitation  for  bids,  form  a  part  of  this  specif icatioai 
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SPECIFICATIONS 

PEDBRiXt 

QQ-K-151  -  Metals,  General  Specification  for  Inspection  of 
MILITARY 

MIL-R-llh£9 ( OHD)  -  Radiographic  inspection*  Soundness  Reqalrenents 

for  Steel  Castings 


STANDARDS 

MILITARY 


MIL-STD-129  -  Marking  of  Shipments 

(Copies  of  specifications  and  standards  required  by  contractors  in 
connection  with  specif io  procurement  functions  should  be  obtained  iron 
the  procuring  agency  or  as  directed  by  the  contracting  officer.) 

3.  REQUIREMENTS 


3.1  Material  and  workmanship. 

1  ■  iWII  ■  "  1  h.w.' .rr-TJ  .  at.  J  ■.  - ~  ) 

3.1.1  Structure.-  Processes  of  manufacture  shall  be  such  as  to 
produce  armor  Wing,  a a  marly  as  practicable,  a  homogeneous  structure 
throughout. 


3.1.2  Heat  treatment.*  All  castings  in  each  lot  shall  reeeive  the 
same  heai  treatment  except  for  sueh  variations  in  tempering  temperatures 
as  may  be  necessary  to  produce  the  prescribed  hardness. 

3.1.3  Soundness.-  Finished  castings  shall  be  free  of  blow  holes, 
porosity,  shrinkage,  cracks,  and  other  defects  that  may  be  detrimental 
to  strength  or  ballistic  value. 

3.1. U  Heating  after  final  heat  treatment.-  General  heating  in  the 
taaperature  range  above  GOO  degrees  #•  "sK2n  not  be  performed  after 

the  final  hardening  and  tempering  operation,  except  when  the  manufacturer 
is  qualified  for  this  procedure  by  the  procuring  agency.  Local  or 
general  heating  in  a  temperature  range  up  to  600  degrees  F.  (hall  be 
permitted. 

3.1. $  Edge  preparation.- Oxygen  cutting  or  beveling  of  edges  shall  be 
permitted  after  final  heat  treatment  provided  the  procedure  is  such 
that  no  cracks  develop  on  any  oxygen-cut  edge. 

3.1.6  Wald  repairs.-  Wald  repairs  an  eastings  produced  under  this 
specification  ahaHTbe  performed  in  accordance  with  the  applicable 
requirements  of  Appendix  B, 
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3.2  Qualification*-  Castings  submitted  under  this  specification  shell 
be  produced  by  a  manufacturer  whose  product  has  been  qualified  in 
accordance  with  Appendix  A*  Only  manufacturers  qualified  to  produce 
Grade  1  castings  shall  be  permitted  to  produce  Grade  2  castings* 

3*2*1  Bequallfloation*-  Manufacturers  that  have  been  out  of  production 
for  a  period  of  6  eonths  or  more  may  be  required  to  reqoalify  in 
accordance  with  Appendix  A* 

3*3  Chemical  requirements.- 

3*3*1  Composition*-  The  chemical  ccmpoeltion  of  all  eastings  shall  be 
within  the  limits  established  by  the  manufacturer  at  the  time  of  qualifi¬ 
cation  and  shall  conform  to  the  requirements  of  Table  I*  In  addition 
to  those  elements  for  which  limits  are  specified  in  Table  I,  the 
percentages  of  all  other  elements  or  materials  intentionally  added  shall 
be  declared.  All  limits  established  by  the  manufacturer  shall  be 
submitted  in  advance  to  the  contracting  officer*  Bie  manufacturer  nay 
establish  and  submit  separate  limits  for  each  thickness  of  easting  far 
which  he  desires  to  be  qualified.  (See  Appendix  A.)  Changes  in 
composition  shall  not  necessarily  be  cause  for  re  qualification  but  shall 
be  subject  to  review  by  the  contracting  officer  to  determine  whether 
requalifieatlon  may  be  required. 


tart  JR  i  -  Maximum  ranges  and  limits  for  chemical  composition  (ladle  or 
check  analysis)* 


Element 

Maximum 

Bangs 

Maximum 

Limit 

Carbon 

.10 

.35 

Manganese;  Op  to  1.0012  inol* 

.30 

Over  1.00* 2 

.50 

mmm ■ 

Phosphorus 

— — 

. 0 $ 

Sulphur 

asses 

.05 

Silicon 

.50 

mmm 

Nickel 

.70 

r, _ 

Chromium}  Up  to  l.fjO*2  inol* 

.50 

Over  i.50*2 

.70 

— 

Molybdenum 

•20 

— 

Vanadium  - 

•10 

MB 

Copper 

•50 

(1) 

Aluminum 

mmm 

— jlj 

Boron 

mmm 

Titanium 

mmm 

— >£ 

Calcium 

mmm 

Cl}  To  be  reported  os  amount  added* 

(See  3.M 

(2)  Average  of  declared  range. 
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3. It  Weldability*-  The  chemioal  composition  and  heat  treatment  of  the 
armor  shall  be  "such  that  the  armor  will  be  suitable  far  the  manufacture 
of  weldments  by  production  methods. 

3*5  Physical  properties.- 

3.5*1  Hardness.-  The  average  hardness  of  each  casting  .including 
ballistic  test  plates ,  shall,  be  within  the  range  shewn  in  Table  II  far 
the  casting  thickness  as  established  by  the  applicable  drawing.  The 
diameter  of  Brinell  hardness  impressions  determined  on  any  one  oasting 
shall  not  vary  by  more  than  0.23mm  between  the  maximum  and  minimum.  The 
average  hardness  of  test  samples  shall  be  within  a  range  of  +  10  points 
Brinell  or  +  *05mn  Impression  diameter  whichever  is  greater, “of  that 
specified  for  the  oasting  thickness  involved. 


TABLE  II  -  Brinell  hardness  requirements  (3000- Kg  load). 


Casting  Thickness 
Specified  • 

Inches 

Armor 

Grade 

Brinell 

Hardness 

Range 

Brinell 

Diameter 

Range  - 
Milli¬ 
meters 

Rockwell  C 
Hardness 

Range 

l/U  to  1-l/U  incl. 

1 

302-3U1 

3.50-3.30 

32  - 

33.5 

l/h  to  1-l/U  incl. 

2 

2U1-293 

3.90-3.55 

22  - 

30 

Over  1-l/U  to  2-l/U  incl. 

1&2 

2U1-293 

3.90-3.55 

22  - 

30 

Over  2-l/U  to  3-3A  inol. 

1&2 

229-269 

U.00-3.70 

19.5  - 

27 

Over  3-3/U  to  7  inol. 

342 

217-262 

U.10-3.75 

16.3  - 

25.5 

Over  7  to  12  incl. 

1&2 

201-2UL 

U.23-3.90 

13  - 

22 

3.5*2  Bspaot  resistance.-  The  7-notch  Charpy  impact  resistance  of  armor 
shall  meet  the  requirements  shown  in  Table  III  for  the  applies  tie 
hardness. 
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TABLE  III  -  Mini aun  7-notch  Charpy  impact  resistance  requirements  in 


ft,  lbs,  at  -1<Q  degrees  F.  ±.  2  degrees  F. 


Brinell 

Hardness  Numbers 
(See  4.5.2.1.2) 

Rockwell  C 
Hardness 
Numbers 

Minimum  Impact  Resistance 
Average  of 

Two  or  More 

Tests 

Inclusive 

Inclusive 

Foot  Pounds 

191-200 

U8 

201  -  212 

13.0  -  15.0 

U3 

213  -  229 

15.1  -  19.5 

38 

230  -  2U8 

15.6  -  23. U 

33 

2lj9  -  2  69 

23.5  -  26.8 

28 

270  -  277 

26.9  -  27.9 

26 

278  -  285 

28.0  -  29.0 

2U 

286  -  302 

29.1  -  31.1 

21 

303  -  311 

31.2  -  32.2 

18 

312  -  321 

32.3  -  33.3 

15 

322  -  331 

33. h  -  3U.U 

13 

332  -  3l|l 

3U.5  -  35. U 

11 

3U2  -  352 

35.5  -  3 6.6 

10 

3.6  Ballistic  requirements.-  Ballistic  requirements  shall  be  as 
specified  in  the  applicable  requirements  of  Appendix  A. 

3.7  Dimensions  and  permissible  variations  for  production  castings 
Both  the  thickness  tolerance  Ise.e  3.7.1)  and  the  weight  tolerance 

l see  3.7.2)  shall  indicate  tolerance  limits  in  one  direction  only. 

The  absence  of  a  tolerance  in  the  other  direction  does  not  mean  a 
limitation  of  zero  tolerance.  The  plus  tolerance  for  thickness  shall 
be  controlled  by  the  weight  limitations,  and  the  minus  tolerance  for 
weight  shall  be  automatically  controlled  by  the  limitations  on  thickness. 

3.7.1  Thickness.-  Unless  otherwise  specified,  the  thickness  of  any 
section  shall  hoi  vary  from  that  shown  on  the  drawing  by  more  than  -5 
percent  or  by  minus  1/16  inoh,  whichever  is  greater, 

3.7.2  Weight.-  Unless  otherwise  specified,  the  weight  of  any  casting 
shall  not  vary  from  that  shown  on  the  drawing  or  in  the  oontract  or 
order  by  mare  than  +5  percent. 

3*7. 2.1  For  casting  designs  far  which  official  weights  hare  not  been 
established  and  specified,  the  weight  of  any  casting  shall  not  vary 
by  more  than  +5  percent  from  the  average  weight  of  not  less  than  the 
first  ten  castings  shipped  for  production  vehicles.  The  official  weight 
of  castings  may  be  reestablished  at  any  time  considered  necessary  for 
the  improvement  of  military  characteristics. 
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3»8  Casting  ident  if  ioatlon. -  In  addition  to  the  marking  required  by 
5*3,  each  casting  subjected  to  radiographic  inspection  shall  be  legibly 
and  indelibly  marked  to  assure  positive  identification  until  after 
final  acceptance  is  made. 


3.9  Information  required.-  The  manufacturer  shall  furnish, for  the 
files  of  the  contracting  officer,  a  statement  showing  the  ladle  anal¬ 
ysis  of  each  melt  and  the  hardness  and  impact  test  results  of  each 
lot.  dll  elements  of  the  chemical  composition  shall  be  shown  in  the 
statement,  including  special  additives  or  hardening  agents,  whether 
shown  in  Table  I  or  not. 

3.9.1  Changes  in  casting  procedure.-  If,  at  any  time,  important 
changes  are  made  in  casting  procedure,  the  manufacturer  shall  notify 
the  Government  inspector  in  writing.  Important  changes  shall  be  con¬ 
sidered  to  be  any  one  or  more  of  the  following* 

(a)  A  change  in  gate  or  riser  system,  including  type,  size, 
and  location. 

(b)  A  change  in  internal  and  external  chills;  size,  type, 
and  location. 

(c)  A  change  in  positioning  of  pattern  within  the  flask. 

4.  SAMPLING,  INSPECTION,  AND  TEST  PROCEDURES 

4.1  Purpose i of  inspection,-  Inspection  under  this  specification  «han 
be  for  me  purpose  aft 

(a)  Qualification! 

(1)  As  a  producer  of  oast  armor  (see  Appendix  A) 

(2)  Of  a  casting  procedure  (see  4.4) 

(b)  Acceptance  of  individual  production  lots. 


4.2  General.-  Inspection  and  test  procedures  required  by  this 
specification  shall  be  made  in  accordance  with  the  requirements  of 
QQ-M-151,  unless  otherwise  specified  herein.  Only  tests  specified 
herein  shall  be  used  in  the  inspection  of  oast  minor. 

4.2.1  Place  of  inspeotion  and  teste.-  Unless  otherwise  specified  cop 
authorized,  the  responsibility  for  having  inspection  and  tests  per¬ 
formed  shall  be  as  specified  in  4.2. 1.1,  4. 2.1.2  and  4.2.I.3.  The 
results  of  tests  shall  be  obtained  before  the  material  is  shipped  from 
the  plant  having  responsibility  for  them.  However,  the  right  is 
reserved  to  perform  inspeotion  and  tests  at  other  places  at  the  dis¬ 
cretion  of  the  contracting  officer* 
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1;. 2.1.1  Chemical  analysis  (ladle)  and  radiographic  teats  for  steel 
soundness  are  the  responsibility  of  the  plant  where  the  steel  is  made. 

U.2.1.2  Charpy  impact  tests,  and  hardness  determinations  are  the 
responsibility  of  the  plant  where  the  castings  are  heat-treated. 

U.2.1,3  Ballistic  tests  are  the  responsibility  of  the  Ordnance  Corps 
and  shall  be  made  at  a  location  designated  by  the  Chief  of  the 
Procuring  Agency  involved. 

U.2.2  Identification  of  material.-  Identification  marks  and  reoords 
shall  be  such  as  to  insure  positive  identification  of  all  test  plates 
and  specimens  with  the  lot  and  corresponding  heat  frcm  which  they 
were  produced.  The  key  to  identification  symbols  shall  be  furnished 
to  the  Inspector  prior  to  submittal  for  inspection  and  test. 

U.3  Definitions.- 

U.3.1  Lot.-  Except  as  specified  in  U.3.1.1  a  lot  for  purposes  of  non¬ 
ball  isticT  inspection  testing  shall  consist  of  all  castings  of  the  same 
melt  of  steel, of  the  same  thickness,  and  having  the  same  heat  treatment 
(see  3.1.2).  When  two  or  more  melts  are  combined  in  a  single  ladle, 
the  ladle  charge  shall  be  considered  as  a  single  melt. 

U.3.1.1  Lot  for  ballistic  testing.-  A  lot,  for  purposes  of  ballistic 
inspection,  shall  consist  of  all  castings ,  of  the  same  thiokness  as 
specified  on  the  drawing,  from  one  melt  or  group  of  melts  of  the  same 
composition,  and  subjected  to  the  same  heat  treatment  except  that,  in 
the  case  of  grouped  melts,  a  lot  shall  consist  of  not  mare  than 
20,000  pounds  of  shipped  oastings. 

U.U  Procedure  for  radiographic  Inspection  of  armor  castings. - 

U.U.l  First  casting.-  The  first  casting  (when  made  fran  a  pattern  of 
a  design  not  previously  employed  by  manufacturer  or  from  a  pattern  out 
of  production  in  manufacturer's  foundry  for  a  period  of  three  months 
or  more), shall  be  radiographed  in  all  routine  and  random  positions 
described  on  the  position  chart.  (To  be  provided  by  the  Chief  of  the 
Procuring  Agency  involved}  see  3.1.3  herein.)  (See  6.2.) 

U.U. 2  Second  casting.-  Die  second  casting  shall  be  radiographed  in 
those  positions  which  on  the  first  casting  failed  to  comply  with  the 
standards  prescribed  on  the  position  chart. 

U.U.3  Third  pasting.-  The  third  casting  shall  be  radiographed  in 
those  positions  tAiicn  on  the  second  casting  failed  to  comply  with  the 
standards  prescribed  on  the  position  chart. 
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L.  lt.it  Subsequent  eastings.-  In  the  event  that  rejeetable  defects  occur 
in  any  are®  which  ware  radiographed  In  the  third  casting,  subsequent 
castings  shall  be  radiographed  in  those  areas  which  were  defective  in 
the  Immediately  preceding  casting  radiographed  until  compliance  with  the 
required  standards  has  been  obtained. 

Inspection  for  acceptance .- 
ii.5.1  Charpy  V-notch  impact  tests,- 

U.JJ.l.l  Frequency  of  tests.-  At  least  2  impact  test  specimens  shall  be 
taken  from  each  impact  test  block  in  each  lot.  The  number  of  blocks  per 
lot  shall  be  as  shown  in  Table  VI,  except  that  not  more  than  one  block 
shall  be  required  for  any  casting. 


TABLE  VI  -  Frequency  of  sampling. 


Weight  of  Castings; 

Minimum  Number  of  Samples; 

pounds  each  (as  heat-treated) 

per  weight  of  oastings  in  lot 

Less  than  2,000 

1  from  each  10,000  lb. 

2,000  or  greater 

1  from  each  20,000  lb. 

L.5.1.2  Reduced  impact  testing,-  If  the  results  of  impaot  tests  on  con¬ 
secutive  lots  indioate  that  a  satisfactory  uniform  product  meeting  the 
Impaot  requirements  is  being  produced,  the  number  of  impact  tests  shall  be 
reduced  in  accordance  with  a  quality  oontrol  system  approved  or  established 
by  the  Chief  of  the  Procuring  Agency  involved. 

L.5.1.3  Size  of  blocks.-  The  thickness  of  the  blocks  or  the  length  of 
test  bars,  as  applicable,  used  for  impaot  tests  shall  be  not  less  than 
that  established  by  the  applicable  drawing  for  the  oasting  involved. 

(See  L.5. 1.5.1  and  L.5. 1.5.2.)  The  use  of  a  thicker  block  or  longer  test 
bar  will  be  permitted  provided  the  hardness  obtained  thereon  is  within 
the  range  specified  for  the  established  thickness. 

L.5.1.U  Heat  treatment »of  blocks.-  Blocks  shall  be  attached  to  or  shall 
accompany  castings  which  they  represent  throughout  the  hardening  and 
tempering  cycle.  Blocks  shall  be  so  plaoed  that  their  cooling  rate 
during  quenching  shall  be  comparable  to  that  of  the  casting  or  castings 
represented.  If  the  oastings  are  of  such  a  design  and  mass  that  the 
cooling  rates  are  in  exoess  of  the  samples  involved,  the  blocks  may  be 
quenched  on  an  individual  basis  under  similar  quenching  conditions  to 
approximately  the  same  final  temperature  as  the  thickness  of  the  oasting 
as  established  on  the  applicable  drawing. 

it. 5. 1.5  Location  of  test  speoimens.- 
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modified  handling  authorize 

U.0. 1.0.1  Blocks  to  2”  thick  inclusive*-  Specimens  from  blocks  up  to 
2",  inclusive,  in  thickness  shall  be  taken  fz'om  a  location  midway  between 
the  top  and  bottom  surfaces  of  the  block  and  at  least  2T  from  any 
quenched  edge.  When  blocks  thicker  than  that  required  by  the  casting 
drawing  are  used  at  the  option  of  the  manufacturer,  specimens  shall  be 
taken  l/2T  from  the  top  or  bottom  surface  where  T  is  the  specified 
thickness  of  the  oasting  represented.  (See  6.3.) 

U. 5 .1.5 .2  Blocks  greater  than  2 11  in  thickness.-  Specimens  from  blocks 
greater  than  2"  in  thickness  shall  be  "taken  from  a  location  not  less  than 
1"  below  the  surface  of  the  block  and  at  least  U"  from  any  quenohed  edge. 

U.0.1.0.3  Test  bars.- 

U.0.1.0.3.1  Specimens  2”  or  greater  in  thickness,-  At  the  option  of  the 
manufacturer,  specimens  representing  castings  2"  or  greater  in  thiokness 
may  be  taken  from  a  test  bar,  which  is  heat-treated  in  a  test  block,  as 

shown  in  Figure  1  or  2.  Test  bars  shall  be  equivalent  in  length  to  the 

oasting  thickness  they  represent.  Test  bars  shall  be  inserted  in  and 
fixed  to  the  test  block  in  such  a  manner  as  to  prevent  the  quenching 
medium  from  contacting  the  side  of  the  test  bar. 

U.0.1.0.3. 2  Specimens  less  than  2"  in  thickness.-  At  the  option  of  the 
manufacturer,  specimens  representing  castings  less  than  2"  in  thickness 
may  be  taken  from  a  test  bar,  which  is  heat-treated  in  a  test  block,  as 

shown  in  Figure  2.  Test  bars  shall  be  of  sufficient  length  that  the 

requisite  number  of  samples  may  be  obtained  therefrom.  Test  bars  shall  be 
inserted  in  and  fixed  to  the  test  block  in  such  a  manner  as  to  prevent  the 
quenching  medium  frcm  contacting  the  side  of  the  test  bar. 

U.0.1.6  Impact  specimens,-  Impact  specimens  shall  be  machined  to  the  form 
and  dimensions  shown  in  Figure  3«  (See  6.0.) 

U.0.1.7  Cooling  and  fracturing  of  specimens.-  Each  speoimen  shall  be 
brought  to  a  temperature  of  -UO  +  2  degrees  F.  and  maintained  at  that 
temperature  in  a  liquid  cooling  medium  for  a  period  of  at  least  10 
minutes  prior  to  being  broken.  Specimens  shall  be  broken  in  a  beam-type 
impact  testing  machine  within  0  seconds  after  removal  frcm  the  cooling 
medium. 


U.0.1.8  Interpretation  of  test  results.-  Except  as  provided  in  U.0. 1.8.1, 
the  impact  resistance  obtained  on  all  specimens  from  a  lot  shall  be 
averaged*  Failure  of  this  average  to  meet  the  minimum  requirements,  for 
the  appropriate  hardness  range,  specified  in  Table  III,  shall  be  cause 
for  rejection  of  the  lot  represented  by  the  specimens.  The  hardness 
shall  be  the  average  of  all  hardness  readings  determined  in  accordance 
with  U. 0.2. 1,2  and  U.0.2.U.2. 
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4. 5. 1*8.1  Retest.-  In  the  event  that  a  lot  of  castings  fails  to  meet  the 
impact  requirements  when  the  results  are  interpreted  in  accordance  with 
U. 5.1.8  retesting  shall  be  permitted  in  accordance  with  4.6.2  or  4.6.3 
as  applicable,  or  at  the  option  of  the  manufacturer  individual  castings 
or  parts  of  a  lot  may  be  submitted  for  acceptance.  When  this  latter 
practice  is  followed  all  castings  represented  by  samples  yielding 
acceptable  test  results  shall  be  considered  acceptable.  For  batch-type 
furnaces,  a  sample  shall  be  considered  to  represent  a  casting  if  it  is 
heat  treated  with  the  casting  or  if  both  received  the  same  heat 
treatment  exoept  that  castings  heat-treated  wL  th  the  sample  which  caused 
failure  of  the  original  lot  may  not  be  included.  For  continuous-type  « 

furnaces,  a  rejectable  sample  shall  be  considered  to  represent  all  i  1 

castings  heat-treated  subsequently  to  the  last  acceptable  sample  and  prior  | 

to  the  following  acceptable  sample.  f 

4.5. 1.9  Local  defects.-  In  the  event  that  test  specimens  fail  because  ? 

of  the  presence  of  obvious  looal  defects,  substitute  test  specimens  may  \ 

be  made  and  tested. 

4.5.2  Hardness  tests.- 

4.5.2. 1  Frequency  of  tests. - 

4. 5* 2. 1.1  Hardness  of  castings.-  Eaoh  casting  weighing  more  than  300 
pounds  shall  be  subjected  to  two  Brinell  hardness  tests,  and  eaoh 
casting  weighing  300  pounds  or  less  shall  be  subjected  to  one  hardness 
test.  Hardness  tests  shall  be  made  in  a  location  the  thickness  of  vhloh  - 

corresponds  approximately  to  the  specified  thickness  Cf  the  casting. 

4.5. 2.1.2  Blooka  f or  impact  test.-  Exoept  as  provided  in  4.5.2. 1.2.1, 
eaoh  block  from  which  impact  test  specimens  are  taken  shall  have  a 
oross-seotlon  hardness  oheok  made  upon  it.  For  blocks  1/4”  to  2"  in 
thickness,  two  hardness  readings  shall  be  taken  from  a  location  midway 
between  the  quenched  surfaces  of  the  block  and  at  least  one  WT"  from 
any  quenched  edge.  For  blooks  greater  than  2"  in  thickness,  two 
hardness  readings  shall  be  taken,  one  from  a  location  not  less  than  1" 
from  the  top  surface,  and  one  from  a  location  not  less  than  1"  from  the 
bottom  surface. 

4.5. 2.1.2. 1  At  the  option  of  the  contractor,  two  Rockwell-C  hardness 
tests  may  be  made  on  each  impact  test  epeoimen  f  ran  a  lot,  in  lieu  of  the 
cross-sectional-hardness  test  required  in  4. 5.2.1. 2.  When  this  procedure 
is  followed,  the  results  of  all  tests  taken  from  each  lot  shall  be 
averaged  and  the  average  thus  obtained  shall  be  converted  to  Brinell 
hardness  using  the  conversion  table  in  Table  H. 
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li.5.2.2  Preparation  for  testing. - 

1^5»2.2.1  Surface  hardness.-  Prior  to  testing  the  surface  hardness  of 
castings,  all  surface  scale  and  decarburization  shall  be  removed  from 
the  £reas  where  the  teste  are  to  be  made# 


It. 5. 2.2.2  Cross "sectional  hardness.-  Sections  upon  which  oross-sectional- 
hardness  tests  are  marde  shall  be  surface-ground  and  shall  be  flat  with 
opposite  faces  parallel  to  one  another,  except  that  when  test  bars  are 
used  with  a  V-block  only  one  side  need  be  ground. 

U.5.2.3  Method  of  test.-  Brinell  hardness  tests  shall  be  made  with  a 
standard  Brinell  hardness- testing  machine,  using  a  10mm  tungsten-carbide 
ball  and  a  3000-kilogram  load,  except  that  surface  hardness  tests  may  be 
made  with  a  portable  Brinell  hardness-testing  machine,  previously 
calibrated  for  the  range  involved. 

U.5.2.U  Interpretation  of  test  results «- 

U.5.2.Ii.l  Production  castings.-  The  hardness  values  obtained  on  each 
casting  shall"  be'  averaged,  lx- the  average  thus  obtained  is  outside  the 
range  specified  in  Table  II,  or  if  the  dianeters  of  Brinell  impressions 
made  on  ary  one  casting  vary  by  more  than  0.25mm  between  the  maximum  and 
minimum,  the  casting  shall  be  subject  to  rejection. 

U. 5. 2. It. 2  Blocks  for  impact  tests.*  The  hardness  readings  obtained  on 
all  blocks  shall  be  averaged.  Wie  average  thus  obtained  shall  be  used  to 
determine  the  level  of  impact  resistance  applicable  to  the  lot  as 
specified  in  Table  III. 

U.5.3  Radiographic  teats.-  Radiographic  tests  on  production  castings 
shall  be  performed  in  accordance  with  the  requirements  of  the  applicable 
drawings  or  contract.  The  occurrence  of  a  rejeotable  defect  in  any  area 
on  a  casting  shall  require  the  radiographio  inspection  of  each  subse¬ 
quently  poured  oasting:  in  that  area  until  the  defective  condition  is 
corrected.  (See  6.6,; 

lufs.3.1  Reduced  radiographic  testing.-  If  results  of  radiographic  testa 
on  consecutive  lois  of  material  indicate  that  a  satisfactory  uniform 
produot  meeting  the  sowdness  requirements  is  being  produced,  the  amount 
of  radiographio  testing  shall  be  reduced  in  accordance  with  a  system 
approved  or  established  by  the  Chief  of  the  Procuring  Agency  involved. 

U.JJ.U  Ballistic  testing.-  Ballistic  testing  for  the  .acceptance  of 
production  castings  shall  be  in  accordance  with  the  requirements  of 
Appendix  A. 
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U.6.1  Hardness*"  Castings  rejected  for  low  or  high  hardness  may  be 
retested  vithoui  re  treatment  at  the  option  of  the  contractor*  Under 
such  conditions;  twice  the  original  number  of  hardness  readings  shall 
be  taken  and  the  results  of  all  readings  taken  on  the  castings  shall 
be  averaged  to  determine  compliance  with  the  requirements  of  Table  XI* 
Castings  rejected  for  high  hardness  may  be  retempcred,  in  which  base 
only  those  readings  taken  after  retempering  shall  be  used  to  determine 
acceptability*  Castings  rejected  for  low  hardness  may  be  requenched 
and  retempered,  in  which  case  testing  shall  be  conducted  in  accordance 
with  the  requirements  for  original  testing* 

U*6*2  Impact  resistance*-  Castings  rejected  far  low  impaot  resistance 
may  be  retested  without  retreatment  at  the  option  of  the  manufacturer  by 
taking  additional  specimens  from  the  lot  under  consideration.  These 
additional  specimens  should  be  distributed  as  uniformly  as  possible 
among  all  the  samples  of  the  lot.  If  the  average  impact  resistance  of 
all  tests  from  the  lot  meet  the  requirements  of  Table  III  for  the 
appropriate  hardness  range,  the  lot  shall  be  accepted,  otherwise  it 
shall  be  subject  to  rejection* 

U.6.3  Retest  after  reheat  treatment. -  Castings  which  have  been 
rejected  may  be  reheat- treated  by  quenching  and  tempering  or  tempering 
only  and  resubmitted  for  test  in  accordance  with  the  requirements  for 
original  testing. 

U. 6.3.1  Castings  which  are  retenipered  only  to  meet  the  hardness 
requirements  shall  not  be  subjeoted  to  retest  for  impaot.  Castings 
requenched  and  retempered  to  meet  the  hardness  requirements  Shall  be 
tested  for  impact  as  a  new  lot. 

U.6«li  Test  specimens  from  production  castings, -  In  Ihe  event  that  it 
is  impossible  to  obtain  additional  test  specimens  from  samples  or  test 
bars,  specimens  may  be  taken,  at  the  option  of  the  manufacturer,  from 
a  casting  at  a  location  the  thickness  of  which  is  equivalent  to  the 
specified  casting  thickness, 

U.7  Ballistic  testing  of  production  castings.-  At  the  option  of  the 
Chief  o'f '  'the  IProcuring  Agency  involved,  production  castings  may  be 
selected  at  random  for  ballistic  testing.  The  number  of  castings  thus 
selected  may  vary  but  the  total  number  shall  not  exceed  2  percent  of 
the  total  production  of  each  given  pattern  number  being  produced  under 
a  contract. 

5,  PREPARATION  FOR  DELIVERY 

5.1  Preparation.-  All  machined  surfaces  of  castings  shall  be  coated 
with  a  suitable  preventive  to  insure  against  eorrosion  during  transpor¬ 
tation.  Machined  surfaces  shall  be  clean  and  free  from  moisture  before 
this  coating  is  applied.  The  preventive  coating  shall  be  such  as  can 
be  easily  removed. 
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5.2  Packing  for  sh; 
s  hipment  in  such  a 
carrier,  for  safe 
of  delivery. 


mwmmu  11  be  packed  for 

.  ‘  ce  by  common  or  other 


rate,  to  the  point 


5.3  Marking  for  Identification . -  Castings  (both  green  and  heat- 
treated)  shall  be  indelibly  and  legibly  marked  with  symbols  that  will 
definitely  identify  the  castings  with  inspection  and  tost  reports  and 
with  shipping  documents  in  accordance  with  Standard  HD-STD-129, 


6.  NOTES 


6.1  Intended  use.-  The  amor  specified  herein  is  intended  for  use 
on  combat  vehicles,  bat  may  also  be  applicable  to  amor  for  emplace¬ 
ments,  shields,  pill  boxes,  and  the  like. 

6.1.1  Grade  1.-  Grade  1  oast  amor  is  intended  for  use  in  those  areas 
where  maximum  resistance  to  penetration  by  amor-piercing  types  of 
amnunition  is  required. 

6.1.2  Grade  2.-  Grade  2  cast  armor  is  intended  for  use  in  those 

areas  where  maximum  resistance  to  failure  under  conditions  of  high 
rates  of  shook  loading  is  required  and  where  resistance  to  penetration 
by  amor-pieroing  ammunition  is  of  secondary  importance.  It  is  for 
protection  against  anti-tank  land  mines,  hand  grenades,  bursting  shell, 
and  other  blast-producing  weapons. 

6.2  Position  drawing.-  A  position  drawing  is  a  drawing  that  will  be 
supplied  by  t&  Chief  of  the  Procuring  Agency  involved,  as  one  of  the 
applicable  drawings.  It  win  show  those  areas  to  be  radiographed,  the 
radiographic  standards  which  apply  and  the  frequency  of  radiographic 
testing. 

6.3  Thicknesses.-  The  symbol  «T"  is  used  to  Indioate  the  thickness  of 
plate,  or  of1  castings  at  the  seotion  concerned  and  corresponds  to  that 
indicated  on  the  drawings  as  the  C harpy- imp act-test-blook  thiokness. 

6.4  Patterns.-  The  inquiry  or  invitation  for  bids  and  the  contract  or 
order  should  definitely  state  whether  the  casting  manufacturer  or  the 
Government  is  to  furnish  the  patterns.  Government  contracts  ordinarily 
should  include  a  provision  that  patterns  furnished  by  the  manufacturer 
shall  become  the  property  of  the  Government  upon  completion  of  the 
contract. 


6.5  Measurement  of  Charpy  notch.-  Tolerances  on  the  notch  of  the 
Charpy  impact  test  specimens  may  be  eheoked  by  means  of  a  comparator 
or  metalloscope  at  the  magnification  of  at  least  ten  in  the  following 
manner:-  Project  the  profile  of  the  base  of  the  notch  on  a  ground  glass. 
Fit  a  circle  of  radius  .10"  (10X)  drawn  on  transparent  paper  to  the 
profile  of  the  notch  base.  Deviations  of  .001"  from  the  standard  .01" 
radius  can  be  detected  by  this  means.  If  there  is  any  question  as  to 
the  radius,  it  may  be  compared  with  circles  and  .11"  (10X).  At 
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the  time  the  radius  is  measured,  the  notch  may  be  checked  to  ascertain 
that  the  sides  make  an  angle  of  U5  degrees  and  are  tangent  to  the  arc  at 
the  notch.  Generally,  it  is  not  necessary  to  inspeot  all  specimens  for 
notch  tolerances.  The  first  specimen  cut  with  a  freshly  ground 
milling  cutter  may  be  examined,  and  thereafter  every  tenth  or  fifteenth 
specimen  prepared  from  this  milling  cutter  should  be  measured# 

6.6  Radiography# «  Radiography  of  production  castings  under  this  speci- 
fication  is  limited  in  amount  and  the  provisions  are  intentionally 
stated  in  such  a  way  that  normally  no  interference  with  production 
should  result#  As  provided  for,  radiography  is  to  be  used  as  a  tool  far 
the  development  of  satisfactory  foundry  procedures  and  to  provide 
sufficient  oheoking  at  intervals  so  that  a  manufacture  will  know  when 
something  has  gone  wrong  with  the  procedure  and  can  take  steps  to  make 
the  necessary  corrections.  Radiography  as  incorporated  in  this  specifi¬ 
cation  is  not  intended  to  be  used  far  the  purpose  of  ascertaining  that 
each  casting  accepted  meets  the  standards  specified  on  the  radiographic 
position  oharts#  Instead,  it  is  intended  to  assure  that  lowering  of 
quality  will  be  disclosed  and  remedial  measures  taken  by  the  manufacturer 


6. 7  Ownership  of  ballistic  test  plates#- 

6.7.1  Qualification  test  plates.-  Qualification  test  plates  are  the 
property  of  the  manufacturer  seeking  qualification.  Arrangements  should 
be  made  by  him  to  have  them  returned  at  the  oonclusioi  of  ballietie  testa 

6.7.2  Aooeptanoe  test  plates.-  Acceptance  test  plates,  which  comply 
with  the  requirements  of  ikis specification  will  be-  considered  as  part 
of  the  lot  of  c£3 tings  they  represent  and  ownership  of  them  passes  to 
the  Government  with  the  acceptance  of  that  lot.  Acceptance  test  plates 
which  fail  to  comply  with  the  requirements  of  this  specification  are 
considered  as  part  of  the  lot  they  represent  and  remain  the  property  of 
the  manufacturer  just  as  the  rejectable  lot  they  represent. 

6. 7.2.1  When  retesting  without  reheat  treatment  is  involved,  all 
plates  including  those  originally  tested  from  a  lot  accepted  after 
retesting  without  reheat  treatment  will  be  considered  as  part  of  an 
acceptable  lot.  Original  plates  fran  a  lot  accepted  after  retesting 
after  reheat  treatment  will  not  be  considered  as  part  of  an  acceptable 
lot  and  remain  the  property  of  the  manufacturer# 

NOTICE}  When  Government  drawings,  specifications,  or  other  date  are 
used  for  apy  purpose  other  than  In  connection  with  a  definitely  related 
Government  procurement  operation,  the  Dili ted  States  Government  thereby 
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incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact 
that  the  Government  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specification,  or  other  data  is  not  to  be 
regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any  patented  invention 
that  may  in  any  way  be  related  thereto* 

Custodian: 
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IfiST  BLOCK  WITH  TEST  BAR  INSERTED  THRU  THE 


Notes 

1.  Steel  of  any 
chemical  composition 
moy  be  used  tor 
test  block. 

2.  Minimum  thickness 
"T"  shall  be  2". 


TEST  BAR  a  TEST  BLOCK 
(FOR  ARMOR  2"  TO  12"  THICK,  INCLUSIVE) 


Test  Bar 
Surface  ground  for 
hardness  survey. 


t 


Te*t  Bar  showing  location 
of  V- notched  Charpy 
specimens  representing 
2"  thick  castings. 
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TEST  BLOCKS  WITH  TEST  BARS  INSERTED  IN  SIDE  OF  BLOCKS 


TEST  BAR  a  TEST  BLOCK  FOR 
ARMOR  UP  TO  1-3/4"  THICK, 
INCLUSIVE. 

NOTE 

End  of  1-1/4"  Diom.  test  bar 
should  be  indexed  so  that 
impact  specimens  are  taken 
l"  below  quenched  surfaoe 
of  test  block. 


ARMOR  2  TO  12  THICK,  INCLUSIVE. 


Tut  Bar  showing  location 
of  V-notehad  Charpy 
specimens  representing 
eastings  up  to  I-  3/4* 
thick. 


list  Bar  showing  location  of 
V-notchS'  Charpy  specimens 
representing  eastings  2" and 
greater  In  thickness. 
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.  QUALIFICATION  PROCEDURE  FOR  PRODUCERS  OF  CAST  AHMCR  AND 
REQUIREMENTS  FOR  BALLISTIC  TESTING  FCR  ACCEPTANCE  OF  CAST  ARMOR 


A-l  SCOPE 

.* 

,  A-l.l  This  appendix  covers  the  requirements  for  qualification  as  a 

i  producer  of  cast  armor  and  ballistic  testing  for  acceptance  of  pro¬ 

duction  lots  of  armor  castings* 

A-2  APPLICABLE  SPECIFICATIONS  AND  STANDARDS  (See  Section  2  of  the 
Specif icat ion.) 

*  .  A-3  REQUIREMENTS 

A-3.1  Qualification*-  Prior  to  the  acceptance  of  any  contract  for 
r  •  '  production  of  cast  armor  under  this  specification,  the  manufacturer 

f  *  shall  have  been  qualified  as  a  producer  of  cast  armor  in  accordance 

with  the  applicable  requirements  of  this  appendix.  (See  A-6.1.) 

?■  • 

A-3. 1.1  Thicknesses  to  3-3/HH  inclusive.-  To  qualify  for  thicknesses 
to  3-3/U"  inclusive,  the  manufacturer  shall  submit  ballistic  test 
plates  and  test  blocks  or  test  bars  which  meet  the  requirements  of 
this  appendix.  A  manufacturer  may  qualify  for  one  or  more  thickness 
ranges  by  submitting  ballistic  test  plates  and  test  blocks  or  test 
bars  as  specified  in  Table  A-I. 

A-3.1 .2  Thicknesses  U11  to  12"  inclusive.-  To  qualify  for  thicknesses 
from  U"  to  12 •'  inclusive,  the  manufacturer  shall  submit  two  test  bars 
for  eaoh  thickness  he  proposes  to  make  in  increments  of  2"  which  meet 
the  requirements  of  this  appendix.  Test  bars  shall  be  equal  in  length 
to  the  maximum  thickness  to  be  qualified  within  each  2"  increment. 
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TABLE  A-l 

BALLISTIC  TEST  PLATES  AMD  TEST  BLOCKS 
OR  TEST  BARS  FOR  QUALIFICATION 


Thickness  of 

Number  of 

Minimum 

To  Qualify  for 

Plates  &  Blocks 

Plates, 

Size  of 

Thickness  Range  - 

Blocks,  or 

Plates  (1) 

Inches 

Bars 

Inches 

Inches 

1 

1 

18  x  36 

1/il  to  1-1/U  incl,  (2) 

2 

1 

18  x  36,,n 

over  1-1/U  to  2-1/U  incl. 

3 

2 

36  x  hdO) 

over  2-l/U  to  3 -3 A  incl. 

(1)  See  A-4.3.1  for  size  of  test  blocks  and  Insert  blocks  for  test  bars. 


(2)  At  the  option  of  tho  manufacturer,  qualification  may  be  made  for  the 
production  of  armor  greater  than  1-l/h  to  1-3/U  inches,  inclusive,  by 
the  submission  of  one  ballistic  test  plate  18"  x  36"  x  1-1/2"  thick. 

(3)  A  plate  U8"  x  60"  is  preferred  to  a  36"  x  1(8"  plate  for  the  3" 
thickness.  The  larger  size  of  plate  will  insure  the  conduct  of  a  satis¬ 
factory  ballistic  test,  thereby  eliminating  the  possible  necessity  or 
supplying  additional  smaller  plates. 

A-3.1.3  Test  plates,  blocks,  or  bars  for  qualification  testing  shall  be 
made  of  the  same  chemical  composition,  by  the  same  steel-making  process, 
and  with  the  heat  treatment  that  will  be  used  for  the  production  of 
armor  castings  under  this  specification. 

A-3«lt.li  Processes  of  manufacture  shall  be  such  as  to  produce  cast 
amor  teat  plates,  blocks,  or  bars  which  are,  as  nearly  as  practicable, 
homogeneous  throughout. 

A-3.1.5  Heat  treatment.-  All  qualification,  test  plates,  blocks,  or 
bars  submitted  as  a  group  representing  a  single  range  of  section 
thickness  shall  receive  the  same  heat  treatment, 

A-3.1.6  Soundness.-  There  shall  be  no  evidence  of  surface  cracks  on 
ballistic  plates  upon  unaided  visual  examination.  Radiography  of 
ballistic  test  plates  will  not  be  required. 
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A-3.1.7  Chemical  composition,-  The  chemical  composition  of  qualification 
test  plates,  blocks,  or  "bars  sWl  be  within  the  limits  established  by 
the  contractor  for  the  production  or  armor  castings  of  the  thickness 
range  represented  by  the  test  plates,  blocks,  and  bars  in  accordance  with 
3.3  of  the  specification. 

A-3.1.8  Hardness.-  The  average  surface  hardness  of  eaoh  test  plate 
shall  be  within  the  range  shown  in  Table  II  of  the  specification.  Wien 
cross-section  hardness  tests  are  conducted  on  test  plates,  blocks,  or 
bars  the  average  of  all  hardness  tests,  both  surface  and  cross-section, 
shall  fall  within  the  stipulated  hardness  range. 

A-3.1.9  Impact  resistance.-  The  V-notoh  Charpy  impact  resistance  of 
each  test  pTafTe,"  block,"  or  bar  shall  meet  the  requirements  shown  in 
Table  III  of  the  specification  for  the  applicable  hardness  and  thickness. 

A-3.1.10  Ballistic  teats. - 

A-3.1.10. .1  Resistance-to-penetration  test  at  normal,  obliquity.-  The 
test  plates  shall  Ve  proof -fired  f  or  resistance  to  penetration,"  and  a 
ballistio  limit,  BL(A; ,  shall  be  obtained  ih  accordance  with  paragraphs 
A-U.5.1  and  A-U.5.5  and  Table  A- II.  Minimum  requirements  for  acceptable 
ballistic  limits  shall  be  as  shown  in  the  table. 


TABLE  A- II 

RESISTANCE-TO-PENETRATION}  NORMAL-OBLIQUITY  IMPACT 


Thickness  of  Ammunition  to 

Plate  -  lnohes  be  used 

Minimum 
Number  of 
impacts 

Minimum 

Ballistic 

Limit 

f/s 

B.  L. 

Correc¬ 
tion, 
f/s  per 

0.01"  thickness 

1  (1.00) 

cal.  50  AP  M2 

2 

2175 

18 

1-1/2  (1.50) 

37  MM  AP  M7U 

2 

1125 

7 

2  (2.00) 

37  MM  AP  M7h 

2 

1500 

8 

3  (3.00) 

75  MM  AP  M72 

2 

1150 

h 

A-3.1.10. 2  Rests tance-to-oblique-attack  test,-  A  protection  ballistic 
limit,  HL(P)>  at  U5  Degrees  obliquity  shall  be  obtained  in  the  case  of 
3”  thick  qualification  ballistic  test  plates  in  accordance  with 
Table  A- III < 
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TABLE  A-III 


RESISTANCE  TO  ATTACK  AT  U5°  OBLIQUITY 


Thickness  of 

Ammunition 

Minimum 

B.L.  Correction 

Plate  -  Inches 

to  be  used 

Ballistic 

f/s  per  0.01" 

Limit 

thickness 

f/s 

3  (3.00) 

90  MM  AFC  M82 

2125 

6 

A-3.2  Acceptance  tes ts  .  -  Each  lot  of  production  oastings  of  Grade  1  armor 
shall  be  represented  by  one  ballistic  test  plate  of  the  thloknesa 
established  by  the  applicable  drawing  for  the  casting  involved.  The  size  of 
the  acceptance  ballistic  test  plates  shall  correspond  to  the  size  given 
in  Table  A-I.  Grade  2  armor  shall  not  be  subject  to  ballistic  acceptance 
tests. 

A-3.2.1  Ballistic  test  plates,-  Test  plates  for  acceptance  ballistic 
testing  shall  be’ made  item  the  same  heat  of  steel  as  the  casting  they 
represent  or  from  one  of  the  heats  included  in  the  ballistic  lot  (see 
U.3.1.1  of  the  specification)  and  receive  the  same  heat  treatment  as  the 
armor  castings  they  represent. 

A-3.2. 2  Test  requirements.-  Test  plates  for  aooeptanoe  testing  shall  meet 
the  soundness,  hardness,  'and  ballistic  test  requirements  of  A-3.1.6, 

A- 3.1.8,  and  A— 3. 1. 1C, 

A-3.2.3  Thickness  tolerances.-  The  average  thickness  of  qualification 
and  acceptance  ballistic  test  plates  shall  not  differ  from  the  required 
thickness  by  more  than  plus  or  minus  $%, 

A-3.2. U  Identification, -  Each  ballistic  test  plate  submitted  far  quali¬ 
fication  and  acceptance  "Eests  sbVLI  bs  legibly  and  indelibly  marked  with 
the  manufacturer's  mark  and  a  plate  or  heat  number  to  insure  positive 
identification.  The  key  to  identification  symbols  shall  be  furnished  to 
the  inspector  prior  to  sihmittal  for  inspection  and  test. 

A-3.2. 5  Information  required.-  The  manufacturer  shall  furnish  for  the 
files  of  the  proving  ground  making  the  ballistic  tests,  a  statement 
showing  the  ladle  analysis  of  each  melt  and  the  complete  details  of  the 
heat  treatment  of  each  group  of  plates.  All  elements  of  the  chemical 
composition  shall  be  shown  in  the  statement,  including  special  additives 
or  hardening  agents,  whether  shown  in  Table  I  of  the  specif ication  or  not. 
This  information  shall  be  forwarded  on  an  approved  form.  The  results  of 
hardness  and  notched-bar  impact  tests  shall  also  be  provided. 
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A-U.  SAMPLING,  INSPECTION,  AND  TEST  PROCEDURE 

A-U.l  General  inspection  and  test  proeedurer  required  by  this  specifi¬ 
cation  shall  be  made  in  accordance  with  the  requirements  of  Federal 
Specification  QQ-M-1J>1,  unless  otherwise  specified  herein.  Only  tests 
specified  herein  shall  be  used  in  the  inspection  of  aim  or. 

A-U. 2  Place  and  responsibility  for  inspection  and  tests.-  Unless  other¬ 
wise  specified  or  authorized,  the  place  of  inspection  and  test  shall  be  as 
specified  in  A-U. 2.1  and  A-U. 2. 2.  However,  the  right  is  reserved  to 
perform  inspection  and  tests  at  other  places  at  the  discretion  of  the 
procuring  agency. 

A-U.2,1  Chemical  analysis  (ladle),  examination  for  freedom  of  visual 
cracks,  hardness  determinations,  and  notched-bar  impact  tests  are  the 
responsibility  of  the  manufacturer  of  the  armor.  In  the  case  of 
qualification  testing  for  thicknesses  to  3-3/U",  inclusive,  all  tests 
except  impact  tests  shall  be  made  at  a  laboratory  selected  by  him. 

Impact  tests  for  qualification  on  all  thicknesses  shall  be  made  at  a  . 
laboratory  selected  by  the  procuring  agenoy. 

A-U. 2. 2  Ballistic  tests  shall  be  made  at  a  place  to  be  designated  by 
the  Chief  of  the  Procuring  Agency  Involved. 

A-U. 3  Blocks  or  bars  for  hardness  and  Impact  testing. - 

A-U.3.1  Thicknesses  to  3-3/U"  inclusive.-  A  test  block  9 "  x  9”  x  T"  in 
size  or,  at  the  option  of  the  manufacturer,  a  test  bar  of  the  type  speci¬ 
fied  in  the  specification  for  production  testing  as  shown  in  Figures  1 
and  2  of  the  specification  shall  be  tack-welded  to  each  ballistic  test 
plate  and  shall  accompany  it  through  the  quenching  and  tempering  cycles. 
Blocks  or  bars  shall  be  attached  at  such  a  location  that  neither  the 
thickness  of  the  block  or  bar  nor  the  thickness  of  the  test  plate  will 
be  effectively  increased  during  heat  treatment. 

A-U. 3 .2  Biicknesses  U11  to  12' 11  inclusive.-  A  test' block  9"  x  9"  x  T"  in 
site  or,  ai  ihe  option  of  ~-klie  manufacturer,  test  bars  of  the  type 
fijecified  for  production  testing  as  shown  in  Figure  1  and  2  of  the 
specification  shall  be  used  for  thicknesses  U”  to  12"  inclusive.  If  test 
bars  are  used  they  shall  remain  in  the  blocks  throughout  the  quenching  and 
tempering  cycles. 

A-U. 3. 3  Hardness  and  impact  tests  on  test  blocks  and  bars.-  After  heat 
treatment,  the  test  blocks  or  test  tars  shall  be  subjected  to  Brinell 
hardness  tests  and  notched-bar  impact  tests  as  required  in  U.5.1  and 
U.5.2  of  the  specification. 
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A-U.b  Ballistic  teat  plates."  Ihe  number  and  sizes  of  ballistio  test 
plates  for  qualification  shall  be  in  accordance  with  the  requirements  of 
Table  A-I.  Ihe  number  and  sizes  of  acceptance  ballistio  test  plates 
shall  conform  to  the  requirements  of  Table  A-I  and  A-3.2  as  applicable.  (See  6.7* ) 

A-li.U.l  Surface  hardness  tests.-  Bach  qualification  and  acceptance 
ballistic  test  plate  shall  be  subjected  to  three  Brinell  hardness  tests 
on  each  face  where  accessible  and  practicable.  If  hardness  tests  o&nnot 
be  practicably  made  on  both  faces,  five  tests  shall  be  made  on  one  face, 
one  near  the  middle  of  each  side  and  one  in  the  middle  of  the  plate  area. 

A-U.U.2  Average  thickness  of  test  plates.-  Ihe  average  thickness  of 
test  plates  shall  be  the  average  of  five  thickness  measurements,  one  at 
each  corner  of  the  plate,  2  inches  from  either  edge,  and  one  at  the  center. 
Ihickness  readings  shall  be  taken  to  the  nearest  0.01  inch. 

A-lw5  Definitions.- 

A-U.5.1  Army  complete  penetration,  CP(A)«-  An  Army  complete  penetration 
will  have  been  obtained  when  a  hole  is  made  that  allows  the  passage  of 
light  through  the  test  plate,  or  when  any  part  of  the  projectile  in  the 
plate  can  be  seen  from  the  rear  of  the  test  plate.  If  it  is  questionable 
whether  any  part  of  the  projectile  can  be  seen,  the  round  shall  be  dis¬ 
regarded  and  another  round  shall  be  fired. 

A-U.5»2  Protection  complete  penetration.  uF(h)»-  A  protection  complete 
penetration  is  an  Impaot  lhat  oauaes  'any  fragments  of  projectile  or 
plate  to  pass  beyond  the  limits  of  the  back  of  the  plate.  This  condition 
shall  be  determined  by  perforation  of  a  0,020-inoh  thick,  aluminum-alloy 
sheet  (ZhST  or  equivalent)  placed  6  inches  to  the  rear  and  parallel  to 
the  plate,  or  the  equivalent  thereof,  at  the  discretion  of  the  proof 
officer. 

A-U.5.3  Partial  penetration,  PP( A)  or  PP(P).-  Any  fair  impact  that  is 
not  a  complete  penetration  shell  be  considered  a  partial  penetration. 

A-iuJ>.U  Fair  impact.-  An  impact  which  is  three  calibers  or  more  away 
from  another  impact  "or  two  calibers  or  more  away  from  any  plate  edge  is  a 
fair  impaot. 

A-U.5.5  Ballistic  limit.-  Ihe  ballistic  limit  is  the  average  of  two 
velocities,  one  of  which  is  the  lowest  at  which  a  complete  penetration 
ooours,  and  the  other  the  highest  partial  penetration  below  the  complete 
penetration.  Ihe  difference  between  the  two  velocities  shall  not  exoeed 
50  feet  per  second  tdien  projectiles  37-MM  in  diameter  or  less  are  used,  or 
30  feet  per  second  when  projectiles  greater  than  37-MM  in  diameter  are 
used.  (See  A— 6.2  and  A-6.3.) 
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A-li.5.6  Impact  velocities,-  Ihe  required  impact  vel oc itli4ifp5T  /  j 
ballistic  limits  (Table  A-II  and  A* III)  of  tost  plates  ,14 jW-Otav 
of  which  (see  A-U.5.7)  is  between  two  consecutive  tabulated  tniekKi 
shall  be  determined  by  the  correction  factors  shown  in  liable  A- 1  and 
A-II  as  applicable* 


Jor  detennlning 
iatio  testing* 


shall  be  that  of  the  area  subjected  to  bal- 


A-U.5.8  Cracking*-  Cracking  of  ballistic  test  plates  to  such  an  extent 
that,  in  the  opinion  of  the  proof  offioer,  satisfactory  ballistic  limit 
determinations  cannot  be  made  shall  constitute  failure  of  the  ballistic 
tests  and  the  rejection  requirements  of  A-U.5*9  shall  apply. 


A -U.5.9  Failure  of  qualification  test  plate*-  Failure  of  the  qualifi¬ 
cation  ballistic  test  plates  or  test  samples  io  meet  any  of  the  tests 
when  inspected  in  accordance  with  this  appendix  shall  be  cause  for 
rejection  of  the  manufacturing  process  represented  by  the  thiokness  of 
the  failing  plate  or  plates.  To  achieve  qualification,  the  manufacturer 
must  submit  a  new  series  of  ballistic  test  plates  which  shall  pass  all 
tesus  outlined  in  this  appendix. 


A-U.5.10  Failure  of  acceptance  test  plates.-  Failure  of  the  aoceptanoe 
ballistic  tesi  plates  to  meet ary  of  the  tests  when  inspected  in 
accordance  with  this  appendix  shall  be  cause  for  rejection  of  the  lot 
of  castings  represented  by  the  failing  plate  or  plates* 


A-U.5.11  Retests*-  In  case  of  failure  of  acceptance  ballistic  test 
plates  to  meet  the  requirements  of  this  Appendix,  the  manufacturer  shall 
have  the  right  to  resubmit  a  lot  under  the  following  conditions. 


A-4.5*ll«l  Retesting  without  reheat  treatment*-  Ihe  manufacturer  shall 
have  the  right  to  submit" twice  the  number  of  plates  originally 
submitted  from  the  lot  under  test,  Bach  of  the  additional  plates  must 
meet  the  ballistic  requirements  or  the  lot  shall  be  subject  to  rejection* 

A-U. 5.U.2  Retesting  after  reheat  treatment*-  Ihe  manufacturer  shall 
have  the  right  to  reheat-treat  and  resubmit  any  lots  in  accordance  with 
the  requirements  for  original  testing* 


A-U.5.12  Reduced  ballistic  acceptance  testing.-  If  the  results  of 
acceptance  ballistic  testing  indicate  that  a  satisfactory  uniform 
product  meeting  the  ballistic  requirements  is  being  produced,  the  number 
of  ballistic  test  plates  shall  be  reduced  in  accordance  with  a  quality 
control  system  approved  or  established  by  the  Chief  of  the  Procuring 
Agency,  involved. 

A-U.5.13  Additional  test  for  information*-  At  the  option  of  the  Chief 
of  the  Procuring  Agency  involved,”  additional  rounds  may  be  fired  for 
information  on  any  casting  or  test  plate  after  completion  of  acceptance 
testing. 
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A-5  PREPARATION  FOR  DELIVERY 

A-5.1  Marking  for  identification.-  Plates  shall  be  indelibly  and  legibly 
narked  with  symbols  that  will  definitely  identify  them  with  inspection  and 
test  reports  and  with  shipping  documents. 

A-6  NOTES 

A-6.1  Records.-  Copies  of  all  records  pertaining  to  qualification  tests 
required  by  this  appendix  should  be  forwarded  to  the  Detroit  Tank  Arsenal, 
Center  Line,  Michigan* 

A-6. 2  Small-anna  and  small -artillery  ammunition.-  In  those  cases  where 
a  50-f/s  difference  between  the  high-partial  and  low-complete  penetration 
is  allowed  for  ballistio-limit  determination,  if  a  partial  penetration 
occurs  at  or  above  the  specified  minimum  impact  velooity  minus  25  f/s,and 
no  complete  penetration  is  obtained  at  or  below  the  minimum  impact  velocity 
required,  the  plate  will  be  acceptable  when  the  ballistic  limit  is  actually 
less  than  that  called  l'or  by  the  applicable  requirements. 

A-6.3  Medium  and  large  artillery  ammunition.-  In  those  oases  where  a 
30-f/a  difference  between  high-partial  and  low-complete  penetration  i'a 
allowed  for  ballistio-limit  determination,  if  a  partial  penetration  occurs 
at  or  above  the  specified  minimum  impact  velooity  minus  15  f/s,  and  no  com¬ 
plete  penetration  is  obtained  at  or  below  the  minimum  impact  velocity  re¬ 
quired,  the  plate  will  be  acceptable  when  the  actual  ballistic  limit  is 
1 >ss  than  that  oalled  for  by  the  applicable  requirements. 
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QUALIFICATION  PROCEDURE  AND  REPAIR-WELDING 
REQUIREMENTS  FOR  THE  REPAIR  OF  AHMCfc  CASTINGS 


B-l.  SCOPE 

B-l.l  Ibis  appendix  covers  the  requirements  for  the  qualification  of 
welding  procedures  and  welders  involved  in  the  repair  of  armor  eas  tings o 

B~2.  APPLICABLE  SPECIFICATIONS  AND  STANDARDS 

B-2,1  Applicable  specifications ,-  The  following  specifications  (in 
addition  to  those  specified  in  Section  2  of  the  specification),  of  the 
issue  in  effect  on  the  date  of  invitation  for  bids,  form  a  part  of  this 
specification* 

SPECIFICATIONS 

MILITARY 

MIL-R-11U68  -  Radiographic  Inspection;  Soundness  Requirements  For 
Arc  and  Gas  Welds  in  Steel 


U.  S.  ARMY 

57-203-7  -  Eleetrodes;  Welding,  Steel,  Covered,  Ferritic 

B-2.2  Applicable  standards.-  The  following  standards  of  the  issue  in 
effect  on  xh*  date  of  invitation  for  bids,  form  a  part  of  this  specifi¬ 
cation, 

STANDARDS 

MILITARY 

JAN-STD-19  -  Welding  Symbols 

MIL-S ID-20  -  Welding  Nomenclature  and  Definitions 
B-3.  REQUIREMENTS 

B-3.1  Qualification,-  Prior  to  repair  welding  Grade  1  or  Grade  2  pro¬ 
duction  castings,  tbs  contractor  shall  qualify  the  welding  procedure  to 
be  used  and  the  welders  who  are  to  perform  the  work  in  accordance  with 
the  requirements  of  B-3,1,1  and  B-3.1. 2  respectively.  Qualification 
for  repair  welding  Grade  1  castings  shall  serve  as  qualification  to  repair 
weld  Grade  2  eastings,  provided  all  the  factors  listed  in  Table  B-l  are 
identical. 


B-3,1,1  Qualification  of  procedure,- 


I  f.  U  \\, 


A  «• 
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B-3. 1.1.1  Contractors  recorded  procedure  for  repair  welding.-  3he  manu¬ 
facturer  shall  establish  a  recorded'  repair-welding  procedure  for  the 
repair  of  castings.  Die  recorded  repair-welding  procedure  shall  include 
all  the  factors  listed  in  Table  B-l. 


TABLE  B-I 


FACTORS  IN  THE  RECORDED  REPAIR -WELDING  PROCEDURES  AND  CHANGES 

WHICH  REQUIRE  PROCEDURE  REQUALIFICATION  AND  ARC-WELDER  REQUALIFICATION 

Faotor  included  in 
recorded  welding 
procedure. 

Recorded  welding  procedure  shall 
be  revised  and  procedure  re¬ 
qualified,  as  indicated  below. 

Welder  shall  be  re¬ 
qualified  as  indicated. 

1.  Composition  of 
steel. 

Procedure  shall  be  revised  and 
requalified  xhen  a  change  in 
composition  outside  of  the 
declared,  range  established  in 
accordance  with  this  specifi¬ 
cation  is  made  unless  a  specific 
waiver  is  granted  by  the  Chief 
of  the  Procuring  Agency  involved. 

Not  required. 

2.  Minimum  dimension 
at  the  root,  mini¬ 
mum  included  angle 
and  minimum  root 
radius. 

Recorded,  welding  procedure 
shall  be  revitad.  Requali¬ 
fication  not  required. 

Not  required. 

When  the  electrode  used  for  Mot  required, 

procedure  qualification  does 
not  meet  the  requirements  of 
57-203-7*  substitution  of  ary- 
other  electrode  wherein  a  change 
is  made  in  brand*  manufacturer* 
covering  type  or  deposited 
analysis  range  will  require 
revision  of  procedure  and  re¬ 
qualification.  H°wever*  when 
the  eleotrode  used  for  pro¬ 
duction  qualification  has  met 
the  requirements  of  57-203-7  for 
a  specific  type  and  olass  and 
provided  all  other  factors  remain 
the  same*  any  other  electrode 
which  has  met  the  requirements  of 
57-203-7  for  the  same  type  and 
olass  may  be  substituted  without 
^qualification  of  procedure  but 

_ the  procedure  shall  be  revised, 

(1)  Acceptable  brands  -  Manufacturers  will  not  substitute  electrodes  conforming  to 
57-203-7  until  a  list  pff acceptable  proprietary  brands  of  electrodes  has  been 
issued.  Such  a  list  will  also  include  information  as  to  type  and  class  to  which  the 
electrodes 


confonn. 

W£>.' .. :.VK«  WVj  V;- 
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3.  Eleotrode t  type 
and  class  or  brand* 
manufacturer* 
covering  type  and 
I,  deposited  analysis 

range  if  not  quali¬ 
fied  under. 

57-203-7 


Win 
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TABLE  B-I  (Oont«d) 


FACTORS  IN  THE  RECORDED  REPAIR-WELD TOO  PROCEDURES  AND  CHANGES 
WHICH  REQUIRE  PROCEDURE  REQUALIFICATION  AND  ARC-WELDER  REQUALIFICATION 


Faetor  inoluded  in 
recorded  welding 
procedure* 

Recorded  welding  procedure  shall 
be  revised  and  procedure  re¬ 
qualified,  as  indicated  below* 

Wblder  shall  be  re¬ 
quallfied  as  Indicated. 

U.  Maximum  electrode 
diameters,  for  all 
passes  based  on 
minimum  groove 
width* 

Whan  a  decrease  is  made 
in  the  actual  width  of 
groove  at  uhioh  any  given 
size  of  electrode  is  used 
prooedure  shall  be  revised 
and  requalified* 

Wien  a  decrease  is 
made  in  the  actual 
width  of  groove  at 
which  any  given 
size  of  eleotrode 
is  used. 

5>.  Welding-ourrent 
and  arc-voltage 
range  for  each 

diameter  or 
electrode* 

When  the  limits  established 
in  the  recorded  repair- 
welding  prooedure  are 
exceeded  the  procedure 
shall  be  revised  and  re¬ 
qualified* 

When  the  limits 
established  in  the 
recorded  welding  pro¬ 
cedure  are  exceeded* 

6.  Preheat  tempera¬ 
ture  range  local 
or  general,  which 
shall  be  specified) 

When  the  minimum  tempera¬ 
ture  is  reduced  the  proced¬ 
ure  shall  be  revised  and 
,  requalified* 

Not  required* 

7*  thermal  treatment 
after  welding. 

When  any  temperature  in  the 
Thermal  treatment  established 
in  the  original  prooedure 
is  ohanged  the  prooedure  shall 
be  revised  and  requalified 
unless  dbherwlse  authorized 
by  Chief  of  the  Procuring 

Agency  involved* 

Not  required* 

8*  Method  of  preparing  In  oase  of  change  from 

welding  groove*  l.e.,  mechanical  to  thermal 

Thermal  or  mechanical*  method,  only  the  pro¬ 

cedure  shall  be  re¬ 
vised  and  requalified. 

Not  required. 

9*  Position  in  which 
welding  will  be 
performed* 

When  change  is  made  from 
the  position  qualified,  the  pro¬ 
cedure  shall  be  revised  and 
requallfied,  except  that  area- 
defect  plates  shall  be  quali¬ 
fied  in  the  flat  position  only* 

(See  par*  3.1. 2.1*. ) 
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TABLE  B-I  (Oont»d) 


FACTORS  IN  THE  RECORDED  REPAIR-WELD  INO  PROCEDURES  AND  CHANGES 
WHICH  REQUIRE  PROCEDURE  REQUALIFICATION  AND  ARC-WELDER  REQUALIF ICATION 


Faotor  included  in 
reoorded  welding 
procedure* 

Reoorded  welding  procedure  shall 
be  revised  and  procedure  re¬ 
qualified,  as  indicated  below* 

Welder  shall  he  re¬ 
qualified  as 
indicated* 

10.  Type  &  Sequence 

In  oase  of  change  from 

Not  required. 

of  passes. 

beading  to  weaving  only 
the  procedure  shall  be 
revised  and  requalified. 

11*  Source  of  power, 

When  change  is  made  from 

Not  required* 

a«c.  or  d.o* 

a.o.  to  d.c*,  or  vice- 

(polarity  if  d.c. 

versa}  or  if  d.c.,  when 

is  used.) 

polarity  is  changed  the 
procedure  shall  be 
revised  and  requalifled* 

B-3 .1.1.2  Teat  plates  required. - 

B-3. 1,1. 2.1  Complete  heat  treatment  after  welding  (hardened  and  tempered)." 

The  manufacturer  shall  submit  a  test  plate  of  each  type  shown  in  Figures  3-1  and 
B-2  for  radiographic  and  ballistie  testa*  Each  test  plate  shall  be  welded  after 
annealing,  normalising  or  normalising  and  tempering,  and  subjeoted  to  suoh  harden¬ 
ing  and  tempering  as  will  produce  the  hardness  required  for  thiokness  of  plate 
involved* 

B-3. 1.1*2. 2  Tampering  ordLy  after  welding*-  The  manufacturer  shall  submit  a  test 
plate  of  each  type  shown  in  figures  B-l  and  B-2  for  radiographic  and  ballistie 
tests.  Each  plate  shall  be  welded  in  the  fully  heat-treated  state  and  tempered 
after  welding  at  a  temperature  within  $0  degrees  F.  of  the  original  tempering 
temperature* 

B-3.1.1.2.3  No  thermal  treatment  after  welding*-  The  manufacturer  shall  submit  a 
test  plate  of  the  hyp::'  '^hown  "In  re  for  radiographic  and  ballietlc  tests* 
The  plate  shall  be  welded  in  the  fully  treated  state  and  tested  ballistic ally  with 
no  thermal  treatment  after  welding* 

B-3.1.1.2.4  Option  for  repair  of  Classlfloatioa-C-algod  defects.- ■  For  repair  of 
defects  not  exceeding  the  dimensions  specified  for  Class if ication-C  size  of 
defects  but  subject  to  heat  treatment,  if  required  after  welding  as  specified  in 
B-3*l«l*2*l  and  B-3*l*1.2.2  respectively,  the  manufacturer  shall  submit  a  test 
plate  or  plates  of  the  type  shown  in  Figure  B-I  for'  radiographic  and  ballistic 
tests.  The  processed  condition  of  each  test  plate  prior  to  welding,  and  the  heat 
treatment  of  each  test  plate  after  welding  shall  be  the  same  as  will  be  used'  on 
production  oas tings* 

B-3*1*1*2c£  Coverage  of  te^t  plates.-  Flates  of  1-inch  thiokness  shall  qualify 
the  manufacturer  to  repair-weld  amor  castings  of  the  thicknesses  represented  by 
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1-inch  ballistic  test  plates.  Diose  of  2 -inch  thickness  shall  qualify 
the  manufacturer  to  repair-weld  armor  oastings  of  any  thickness  pro¬ 
vided  the  chemical  composition  is  within  the  range  established  for  the 
thickness  or  thicknesses  for  which  qualifi cation  is  sought* 

B-3.1. 1.2.6  Interpose  temperature*-  Die  interpass  temperature  of 
qualification  plates  shall  W  not  more  than  100®  F.  above  the  preheat 
temperature*  Die  interpass  temperature  shall  be  measured  immediately 
before  the  deposition  of  eaoh  layer  at  the  point  indicated  on  Figures 
8-1  and  B-2 • 


B-3*l*l*3  Soundness*-  Finished  procedure  qualification  test  plates 
shall  comply  with  Standard  II  of  MU>R-llU68  when  radiographed  in  accord¬ 
ance  with  the  requirements  of  appendix  C* 

B-3.1.1«ii  Ballistic  testing  of  welding  procedure  qualification  plates *- 

B-3*l*l«ll*l  Double- I  plates*-  Die  1-inoh  Double-I  plate  (Figure  B-I) 
shall  be  tested  for  resistance  to  shook  using  two  rounds  of  57-am  plate¬ 
proofing  (FF)  pro jeetilea,  M1001,  at  a  velocity  of  97$  feet  per  second. 

Die  2-inoh  Double- I  plate  (Figure  B-l)  shall  be  tested  for  resistance  to 
shock  using  two  rounds  of  105-mm  plate-proofing  (pp)  projectiles, 

MlOOh,  at  a  velocity  of  1,050  feet  per  second.  A  correction  in  velocity 
shall  be  made  far  each  *01"  of  variation  from  the  nominal  thickness,  of 
6  feet  per  second  on  1"  plates  and  $  feet  per  second  on  2"  plates*  One 
round  shall  be  directed  at  eaoh  leg  weld,  so  that  the  edge  of  the  pro¬ 
jectile  at  least  touches  tha  edge  of  the  weld  (fair  impaot).  Die  welding 
procedure  used  for  double-I  welded  plates  shall  be  subject  to  rejection 
should  either  round  develop  any  cracking  (in  plate,  weld, or  weld  zone) 
outside  a  circle  of  the  size  indicated  below,  the  center  of  which  is 
coincident  with  the  center  of  impaot* 

Plate  Thiokness  Allowable  Cracking 

2"  Within  a  circle  of  9"  diameter,  the 

center  being  the  center  of  impaot* 

1"  Within  a  circle  of  8"  diameter, the 

center  being  the  center  of  impact* 

B-3.1*1*U*2  Area-defeot  plate*-  Plates  of  the  type  shown  in  Figure  B-2 
shall  be  tested  for  resistance  to  penetration  using  the  projeotUes 
indicated  in  Table  A- II  of  Appendix*  A*  Die  1"  area-defeot  plate  shall 
have  a  minimum  ballistic  limit  of  2150  feet  per  second  and  the  2"  area- 
defeot  plate  a  minimum  ballistic  limit  of  li*50  feet  per  second  when  tested 
in  accordance  with  A-U.5  and  appropriate  sub-paragraphs  thereto*  Die 
thiokness  correction  factor  of  Table  A-II  shall  apply* 
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B-3. 1.1. 5  Data  fony.*  Properly  executed  forms,  available  through  the 
Resident  Inspector  of  Ordnance,  shall  accompany  each  test  plate  to  the 
proving  Ground. 

B-3.1.2  Qualification  of  welders. - 

a-3.1.2.1  Each  welder  shall  be  qualified  by  the  manufacturer.  Qualifi¬ 
cation  of  a  welder  by  one  manufacturer  shall  not  serve  as  qualification 
when  the  welder  is  employed  by  another  manufacturer. 

B-3.1.2. 2  Type  of  joint.-  The  welder  qualification  test  specimen  shall 
be  made  of  either  mild  steel  or  steel  of  similar  composition  to  production 
castings.  The  qualification  shall  be  made  by  the  welding  of  a  butt  joint 
of  the  design  shown  in  Figure  B-3  of  this  appendix  between  two  plates  1 
by  U  by  12  inches.  All  dimensions  of  the  plates  shall  be  considered  as 
minimum. 

B-3 .1.2.3  Current  and  electrodes.-  The  welder  shall  use  the  same  current, 
a.c.  or  d.c . ,  and  polarity  if  d.c.  is  used,  as  will  be  used  in  production; 
and  the  electrodes  shall  be  of  the  ferritic  type  to  be  used  for  production 
repair  welding.  The  diameter  of  electrode  used  for  qualification  shall  be 
the  maximum  diameter  that  will  be  used  as  required  by  the  recorded  welding 
procedure  at  any  particular  groove  width.  (See  factor  ii.  Table  B-I.) 

B-3.1.2. l»  Position  of  welding,-  Bach  welder  shall  be  required  to  qualify 
in  the  positions  in  whioh  he  will  weld  on  production,  by  welding  a  test 
specimen  of  the  type  specified  in  B-3.1.2. 2  in  the  positions  prescribed 
in  paragraphs  B-3.1.2. U.l  to  B-3.1.2. tub  inclusive,  as  applicable.  However, 
welders  qualified  in  one  or  inore  positions  shall  be  considered  qualified 
in  additional  positions  under  conditions  as  allowed  below* 


Position  in  which  qualified 

Qualifies  welder  to  weld  in 

tflat  position 

Flat  position  only 

Horizontal  position 

Flat  and  horizontal  positions 

Vertical  position 

Flat  and  vertical  positions 

Overhead  position 

Flat,  horizontal,  and  overhead 

positions. 

B-3«l«2.lj.l  Flat  positions.*  To  qualify  the  welder  in  the  flat  position, 
the  test  plate  shall  be  placed  in  an  approximately  horizontal  plane  and 
the  weld  metal  shall  be  deposited  from  the  upper  side. 


B-3.1.2. U.2  Horizontal  position.-  To  qualify  the  welder  in  the  horizontal 
position,  the  test  plates  shall  Tx»  placed  in  an  approximately  vertical 
plane  with  the  welding  groove  in  an  approximately  horizontal  plane. 

B-3.1.2. U.3  Vertical  position.-  To  qualify  the  welder  in  the  vertical 
position,  the  test  plates  shall” be  placed  in  an  approximately  vertical 
plane  with  the  welding  groove  in  ap,  approximately  vertical  position. 
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B~3«1*2.U.U  Overhead  positions*-  To  qualify  the  welder  In  the  overhead 
position,  the  test  plates  shall  "be  placed  in  an  approximately  horizontal 
plane  and  the  weld  metal  shall  be  deposited  from  the  underside  position* 

B-3.1.2.5  Soundness.*  Finished  welder-qualifioation  test  plates  shall 
ocmply  with  Standard  il  of  M31-R-im68  when  radiographed  in  aooordanoe  with 
the  requirements  of  Appendix  C,  except  defects  within  1"  of  either  end  of 
a  weld  may  be  disregarded. 

B-3.2  Saqulrements  for  impair  of  armor  o as tings.- 

B-3.2.1  Oenaral,"  All  weld  repairs  shall  be  made  using  a  procedure  and 
by  welders  qualified  in  aooordanoe  with  this  appendix* 

B-3.2. 2  Repairable  defects.-  Defects  which  may  be  repaired  by  welding 
shall  not  exceed  the  weld-area  dimensions  specified  for  each  classification 
shown  in  Table  B-II.  The  size  of  defeat  shall  be  considered  as  the  si»e  of 
the  cavity  resulting  from  chipping,  grinding,  or  oxygen  cutting  to  remove 
the  defect,  or  as  the  size  of  the  area  to  be  welded  to  obtain  the  dimensions 
specified  on  the  applicable  drawings. 

B-3.2. 2.1  Large  defects.*  Greater  defects  (than  those  listed  in  B-3.2.2) 
may  be  repair-welded  subject,  in  oase  of  each  repair,  to  the  written 
authorization  of  the  procuring  agency. 

B-3.2. 2.2  Inserts «-  Cast  sections  may  be  inserted  by  welding  in  the 
production  eastings,  provided  each  plate  is  of  the  same  ohemioal  composi¬ 
tion  range  as  the  easting,  and  subjeot  to  the  following  dimensional  limits* 
Thickness  of  seotlon  shall  be  equal  to  that  of  casting  seotion  to  which  it 
is  welded)  maximum  length  or  maximum  width  of  insert  shall  not  exceed  16 
times  the  thickness)  and  width  of  weld  shall  not  be  greater  than  twice  -the 
thickness. 


B-3.2. 3  Interpaaa  temperature.-  Hie  iftterpaes  temperature  of  production 
castings  shall  do  not  less  than  the  minimum  preheat  temperature  established 
in  the  recorded  welding  procedure.  The  interpass  temperature  shall  be 
measured  imnedlately  before  the  deposition  of  each  layer  at  a  looation 
approximately  3*  from  the  edge  of  the  weld  on  the  base  metal. 

B-3.2.U  Type  of  electrode*-  Dhless  otherwise  authorized  by  the  procuring 
agency,  all  repair  welding  shall  be  performed  using  ferritic-type 
electrodes  conforming  to  57-203-7* 

B-3.2. 5  Radiographic  requirements*-  The  repair  welds  shall  meet  the 
radiographio  requirements  of  Standard  in,  MH-R-Hh6S(  Ord) .  Any  welds 
that  do  not  ocmply  with  the  standard  specified  shall  be  repaired,  and  sub¬ 
sequently  radiographed.  When  the  width  of  the  weld  is  greater  than  2  inches, 
for  the  purpose  of  radiographic  interpretation,  the  weld  shall  be  con¬ 
sidered  to  be  a  series  of  velds  2  Inches  vide* 
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B-3.2.S.1  Radiography  of  repaired  castings.-  Cne  casting  in  every 
thirty  production  eastings  Raving  repair  wads  exceeding  the  dimensions 
specified  under  classification  C,  in  paragraph  B-3.2.2  shall  be  selected 
for  radiographic  inspection.  Only  those  areas,  in  the  oasting  selected, 
with  repair  welds  exceeding  the  dimensions  specified  under  classification 
C  in  B-3*2.2  shall  be  radiographed. 
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"'F  as  used  In  Ibis  table  represents  the  thickness  of  the  casting  at  the  location 


lHL-A-QJL356B(Ord) 
Appendix  B 
Sheet  10  of  12 


FIGURE  R-l.  Doubla-I  Ballistic  Test  Plate. 


Noteat  (1)  Plate  thickness  shall  be  1  or  2  inches* 

(2)  Sections  "ab"  and  ncdn  shall  be  completely  welded  on  both 
sides  before  Mbo"  is  welded.  Sections  "efH  and  NghH  shall 
be  completely  welded  on  both  sides  before  "fgn  is  welded* 
Prior  to  welding  of  seotion  "be"  and  "fg%  the  plate  shall 
be  cooled  to  the  recorded  preheat  temperature. 

(3)  Lengths  of  sections  "ab,"  "cd,"  "ef,"  and  "gh"  shall  be 
not  less  than  6  and  not  more  than  8  inches* 


(4)  Plate  shall  be  welded  in  accordance* with  Recorded  Repair- 
welding  Procedure  for  site  (2}  defects  extending  completely 
through  the  section.  (See  paragraph  B-3.2.2.) 
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FI OURS  B-2.  Area-Defeot  Ballistlo  Test  Plate. 

Notest  (l)  Plate  thiokness  shall  be  1  or  2  inobes. 

(2)  Weld  area  shall  be  centered  on  long  distension 
of  plate* 

(3)  WWlderf  area  shall  be  6  by  24  inches,  completely 
through  the  section;  except  for  1-inch  plate, 
the  veld  area  dimensions  shall  be  6  by  15  inches* 

(4)  Plate  shall  be  weldejd  in  accordance  with  Recorded 
Repair-welding  Procedure  for  size  (1)  Classifica¬ 
tion  A  and/or  B  defeots  extending  completely 
through  the  section.  (See  B-3*2*2) 
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FIGURE  B-3.  Welder  Qualification  Test  Specimen. 


Hotel  Ihe  el ni naan  end  aaxlsMa  dimensions  indicated  in  Figure  B-3 
are  exact  dimensions  and  shall  be  those  specified  as  suob 
in  the  Recorded  Repair-welding  Procedure  for  else  (2)  Class- 
Ificatian-A  defects  extending  completely  through  the  section 
,  .(See  paragraph  B-3. 2. 2.) 
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RANOUHB  AUTHOR® 


QUALIFICATION  AND  REQUIREMENTS 
PCR  THE  RADIOGRAPHIC  INSPECTION  OF  ARMOR  CASTINOS 


0-1.  SCOPE 

C-l.l  The  appendix  covers  the  requirements  for  the  qualifioation  of 
supervisors  Involved  in  the  radiographic  inspection  of  armor  castings  and 
the  requirements  for  such  inspection* 

C-2.  APPLICABLE  SPECIFICATIONS  AND  STANDARDS 

0-2*1  Applicable  specifications »*  The  following  specifications  (in  addi¬ 
tion  to  those  specified  in  Section  2  of  this  specification),  of  the  issue 
in  affect  on  the  date  of  invitation  for  bids,  form  a  part  of  this 
specification! 

SPECIFICATIONS 

MILITARY 

MIL-R-11U68  -  Radiographic  inspection}  Soundness  Requirements  for  Arc 
and  Qas  Welds  in  Steel 

MIL-R-11U69  -  Radiographic  Standards  for  Inspection  of  Steel  Cast¬ 
ings  Including  Cast  Amor 

C-2 *2  Applloable  standards.-  The  following  Military  Standard  of  the  issue 
in  effeot  on  the  date  of  invitation  for  bide,  forma  a  part  of  this 
specification! 

MIL-S ID-23  -  Nondestructive  Test  Symbols 

0-3.  REQUIREMENTS 

C-3.1  Qualifioation*-  The  manufacturer  shall  qualify  radiographic 
sources  and  supervisors  in  accordance  with  0-3*3  (see  0-6.3). 

C-3.2  Qualifioation  test  block*-  The  test  blooks  (Models  L-2  and  H-2) 
shall  be  used  in  ihe  "qualification  tests  and  will  be  supplied  by  the  pro¬ 
curing  agenoy  upon  proper  request. 
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C-3.3  Supervisor  and  source  qualified  requirements.-  {Die  supervisor 
qualification  iesi'  shall  consist  of  the  radiographing  of  the  test  blocks 
referred  to  in  03.2  in  accordance  with  3*3*1*  Supervisors  shall  qualify 
for  thicknesses  to  3"  inclusive  using  a  test  block  1H  thick  and  for 
thicknesses  greater  than  3"  using  a  test  block  3-1/2"  thick*  This 
qualification  test  shall  be  conducted  for  each  source  of  radiation  to  be 
employed  for  production  radiography. 

03*3*1  !Die  supervisor  shall  select  all  details  of  radiographic  tech¬ 
nique  to  be  employed  by  himself  and  the  technicians  under  hie  jurisdiction 
in  the  conduct  of  the  test*  Using  these  details,  the  supervisor  shall 
produce  a  radiograph  of  the  applicable  test  block  as  stated  in  3*3,  shall 
examine  the  radiograph,  and  report  in  writing  his  findings  of  the  images 
thereon  to  the  procuring  agency*  The  correct  identification  from  the 
negative  of  at  least  90%  of  the  information  contained  in  the  test  block 
shall  constitute  qualification  of  the  supervisor  for  the  radiographic 
inspection  of  oast  armor. 

C-3.3. 2  Information  required.-  Zn  addition  to  the  report  required  in 
C-3.3.1,  the  manufacturer  shall  furnish  the  procuring  agency  with  the 
negative  with  which  qualification  was  obtained  as  well  as  a  detailed 
statement  covering* 

a.  lype,  model,  name  of  manufacturer  and  machine  rating  as  stated 
by  the  manufacturer. 

b.  For  Qamma  radiography,  the  type  of  * ouree  and  the  Strength  of 
the  source  in  Curies* 

c.  d/t  ratio  employed  with  negatives  submitted  (see  Figure  C-l). 

C-3.3 *3  Raquallfioatlon.-  Requalification  shall  be  required  whenever 
a  change  in  supervisors  takes  place  in  the  radiographic  facility  or 
whenever  the  source  of  radiation  is  changed.  Requalification  shall  not 
be  required  for  changes  in  technical  personnel  who  are  not  supervisors 
or  for  direot  replacements  of  the  souroe  of  radiation.  (See  C-6.4.) 

0-3*1*  Inspection  of  production  o  as  tings.  - 

C-3.U.1  General .»  Radiographic  inspection  shall  be  used  to  reveal, 
within  the  limits  of  its  sensitivity,  discontinuities  in  metals.  Parte 
shall  be  exanined.  in  locations  specified  in  the  applicable  specifi¬ 
cations,  contract,  order,  or  drawing. 


C-3.lt. 1.1  Supplementary  radlopaphy.-  Radiographic  inspection  in 
addition  to  that  specified  by  ins  preceding  paragraph  may  be  performed 
at  the  discretion  of  the  inspector  to  determine  the  extent  of  a  defect 
which  has  bsen  located  by  previous  inspection. 

•  >  ; 
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C-3.U.2  Mgffiraais*-  Radiographs  shall  be  made  on  noninflammable  X-ray 
film*  free  of  inherent  flaws  that  may  interfere  with  interpretation  of 
the  radiographio  image  and  oapable  of  acceptable  clarity  and  definition* 


C-3»i).3  Viewing  equipment*-  Suitable  facilities  shall  be  provided  for 
the  viewing  and  examination  of  negatives  and  for  the  comparison  of  nega¬ 
tives  with  standards  whan  required. 


C-3»U*h  Workmanship. - 

C-3«U.ii.l  Quality  of  negative.-  Radiographic  negatives  shall  be  free  of 
blemishes  (See  6-6.1)  that  may  interfere  with  interpretation  of  the  radio- 
graphic  image.  Whenever  the  quality  of  a  radiographic  negative  is  unsatis¬ 
factory  in  the  areas  to  be  inspected,  re-radiography  will  be  required. 

C-3.luU*2  Qualification.-  Radiographs  Shall  be  made  under  the  super¬ 
vision  of  personnel  qualified  in  accordance  with  the  requirements  of  this 
appendix. 

C-3.1j.Ii.3  She  d/t  ratio*-  The  minimum  d/t  ratio  used  for  production 
radiography  shall  not  be  less  than  that  employed  by  the  supervisor  for 
the  test  negative  upon  whioh  his  qualification  for  each  thioknees  was 
based. 

C-3.lu5  Standards  of  acoeptanoe.-  The  standards  of  acceptance  shall  be 
in  accordance  with  the  requirements  of  Specification  Nos.  MIL-R-III168  and 
MIL-R-III169  as  applicable* 

C-3.ll.  6  Test  symbols*-  When  position  drawings  (See  C-6.2)  are  required 
or  furnished  by  the  procuring  agency,  symbols  used  shall  be  in  accordance 
with  the  applicable  requirements  of  KIL-S ID-23* 

C-3.U.7  inspection  records. -  The  contractor  shall  submit  radiographic 
negatives  and  suiiable  identification  in  accordance  with  the  requirements 
of  the  procuring  agency  for  each  article  or  unit  of  manufacture  that  has 
been  radiographed. 


C-3.U.7.1  Availability  of  negatives.-  Exposed  radiographic  negatives 
shall  be  available  for  examination  by  the  procuring  agency  at  any  loca¬ 
tion  and  for  a  period  not  to  exceed  12  months  from  the  date  of  exposure* 

C-3.U.8  Sharpness  of  penetrans ter  image.-  The  image  of  the  penetro¬ 
meter  shall  be  resolved  in  the  negative. 

C-3.U.9  Identification.-  Areas  which  have  been  radiographed  shall  be 
marked  in  such  a  manner  as  to  identify  them  with  the  radiographic  nega¬ 
tives  of  the  applicable  areas  and  castings  until  final  radiographic 
acceptance  is  obtained* 
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C-3.il.10  Direction  of  radiation,-  When  not  otherwise  indicated  in  the 
position  drawings',  ihe  direction  of  radiation  shall  be  perpendicular 
to  the  surface  of  the  metal  and  the  radiographic  film*  When,  because  of 
a  peculiar  condition  of  test  the  required  direction  of  radiation  is  not 
the  most  effective,  a  sketch  showing  the  actual  direction  of  radiation 
used  shall  be  made  on  the  negative  or  att&ohed  to  it*  When  the  same 
set-up  is  used  for  a  number  of  radiographs,  a  single  sketch  will  suffice 
for  the  entire  set  of  negatives* 

C-3*ii*ll  location  of  film*-  The  film  during  exposure  shall  be  as  close 
as  practicable  to  the  surface  of  the  object  being  radiographed. 

C-3.b.l2  Location  markers*-  When  required  by  the  procuring  agency, 
looation  markers  shall  be  pSa  oed  on  or  ad jaeent  to  the  metal  surface 
being  radiographed  and  their  images  shall  appear  distinctly  on  the  film* 
The  exact  location  of  the  markers  shall  be  marked  on  the  surface  of  the 
metal  in  a  manner  not  injurious  to  the  serviceability  of  the  part,  so 
that  the  radiographs  may  be  accurately  loeated  whenever  desired  up  to 
final  radiographic  acceptance. 


C-3.U.13  Identification  of  negatives*-  A  system  for  identification  of 
negatives  approved  by  the  procuring  agency  shall  be  used.  When  required 
by  the  procuring  agenoy,  each  negative  shall  carry  the  image  of  the 
lead  markers  identifying  the  individual  part  and  the  area  radiographed* 
(See  C-3.U.7.) 

C-3.5  Penetrameters*- 


0-3. 5.1  Penetrometer  design.-  Uhless  otherwise  specified,  penetra- 
meters  shall  have  dimensions  in  accordance  with  Figure  02, 


C-3. 5*1*1  Identification*-  The  penetrometers  shall  be  Identified  with 
an  identification  maSEer*,  made  of  lead  alloy  and  attached  to  the  ponotr- 
ameter*  This  number  shall  be  equal  to  the  thickness,  in  inches,  of 
the  metal  to  which  the  penetrameter  is  normally  applicable. 

C-3. 5*2  Penetrameter  placement.-  Penetrometers  shall  be  plaoed  on  the 
side  of  the  metal  away  fran  tbe  film  (source  side)  in  such  a  location  that 
the  d/t  ratio  is  the  smallest  possible  value  for  the  area  involved* 


0-3.5.2.1  Placement  on  welds*-  Penetrameters  shall  be  plaoed  on  the 
base  metal  at  least  T7H  in<4i  from  the  edge  cf  welu* 
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C-3.5.2.2  Placement  on  identieal  parts.-  When  a  number  of  identical  ports 
are  simultaneously  exposed,  the  penetrometer  shall  be  placed  on  the  irradi¬ 
ated  surface  of  that  part  at  the  outer  edge  of  the  oone  of  radiation. 


C-3.5.2.3  Placement  on  blocks.-  When  it  is  impractical  to  place  the  pene¬ 
trometer  upon  the  part  radiographed,  the  penetrometer  may  be  placed  on  the 
irradiated  surfaoe  of  a  block  of  metal  of  the  same  base  metal  and  approximately 
the  same  density  and  thiokness  as  the  part  or  parts  radiographed*  This  block 
shall  be  plaoed  upon  a  part  of  the  film  at  the  outer  edge  of  the  oone  of  radi¬ 
ation. 


C-3.5.3  Number  of  penetraaetera.-  Except  as  specified  below,  the  image  of 
at  least  one  penetrometer  shall  appear  on  eaoh  radiographic  negative  submitted 
to  the  inspeotor* 

C-3.5.3.1  Simultaneous  exposures*-  When  a  number  of  films  is  exposed  simul¬ 
taneously  and  all  conditions  of  exposure  are  the  same  for  all  films,  only  one 
negative  from  the  group  shall  be  required  to  bear  the  image  of  a  penetrometer* 
This  negative,  which  shall  be  taken  from  a  location  at  the  outer  edge  of  the 
oone  of  radiation,  shall  accompany  the  other  negatives  of  the  same  group  when 
they  are  submitted  to  the  inspeotor* 

C-A.  SAMPLING,  INSPECTION ,  AND  TEST  PROCEDURE  (Not  Applicable) 

C-5.  PREPARATION  FOR  DELIVER!  (Not  Applicable) 

C-6.  NOTES 

C-6.1  Blemishes  defined.-  Blemishes  on  radiographic  negatives  are  defined 
as  marks,  discoloration, or  abrasions  that  are  not  representative  of  varia¬ 
tions  in  the  opacity  of  the  metal  being  radiographed.  Some  examples  are 
discolorations  caused  by  ohenieal  stains,  scratches,  and  blackened  areas 
caused  by  light  leaks  in  the  film  peek* 

C-6. 2  Position  drawings.-  The  radiographic  position  drawings  are  drawings 
used  for  the  purpose  of  designating  the  amount,  locations,  and  frequency  of 
radiographlo  examination. 

C-6 *3  Supervisor  defined.-  For  purposes  of  qualification  the  supervisor 
will  be  regarded  ae  one  or  more  members  of  the  radiographlo  facility 
designated  by  that  faeility  as  responsible  for  rsdlographio  inspection. 

C-6. 4  Souroea  of  radiation.-  Supervisor  qualification  ie  intended  to  be 
accomplished  on  all  X-ray  machines  up  to  and  including  the  Betatron  type, 
ae  wen  as  all  radioactive  sources  now  known. 

C-6.5  Diroot  replacement  defined.-  For  purposes  of  requalification  a 
direct  replacement  is  defined  as  an  X^ray  machine  of  the  same  type, 
voltage  and  manufacture,  or  in  the  oaee  of  an  X-ray  tube  of  the  same  tube 
type  and  manufacturer  or  in  the  ease  of  natural  radioactive,  or  induced 
radioactive  isotope  sources,  a  source  of  the  same  type  and  strength. 
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METER 
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ONE N SION S-  INCHES 
(USE  NEAREST  DRILL  SIZE) 
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METAL 

THICKNESS 

INCHE9* 

PENETRA-^ 

METER 

NO. 

(USE  0«f^85J 

SHMm _ 

A 

B 

c 

D 

3 

3.0 

.060 

.24 

.18 

.12 

4 

4.0 

.080 

.32 

.24 

.16 

5 

5.0 

.100 

.40 

.30 

.20 

6 

6.0 

.120 

.48 

.36 

.24  * 

7 

7.0 

.140 

.86 

.42 

.28 

6 

8.0 

.160 

.64 

.48 

.32 

•  whenever  the  metal  thickness  to  be  radiographed  falls 

BETWEEN  TWO  CONSECUTIVE  THICKNESSES  INDICATED,  THE  PENETRA- 
METER  TO  BE  USED  SHALL  BE  THAT  APPROPRIATE  TO  THE 
GREATER  THICKNESS.  ^ 
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This  speelfleation  was  approved  by  the  Depart- 
■ants  of  the  Any,  the  Vary,  and  the  Air  Toros 
for  ace  of  procurement  serrloee  of  the  respec¬ 
tive  Departments ,  and  supersedes  the  following 
specification* 


imv  50-33—6 
83  Tobroary  1960 

fills  specification  consists  of  this  cover  sheet  and  Specification 
60-33-6,  dated  33  Tobroary  I960,  attached  hereto,  without  wodlfloatloa. 
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activity  it  will  bo  necessary  te  attach  this  ooyer  sheet  to  the  pertinent 
specification  before  issne. 

Copies  of  specifications  required  by  contractors  in  connection  with 
specific  procures cat  functions  should  bo  obtained  from  the  procuring  agency 
or  as  directed  by  the  contrasting  officer  . 
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IT.  S.  ARMY  SPECIFICATION 

PROJECTILES,  ARMOR-PI ERCINO; 

METAL  -  PARTS  ASSEMBLY 


1.  SCOPS  AMD  CLASSIFICATION 

1.1  This  specification  corers  areor-plerelng  (AP)  shot  with  or  without 
windshields  but  without  piercing  cap,  manufactured  froa  bar  stock  or  forg¬ 
ings  in  all  sites  froa  20nm  through  120en. 

2*  APPLICABLE  SPECIFICATIONS 

2.1  The  following  Hpociflcatione,  of  the  issue  in  effect  on  date  of  in- 
ritation  for  bids,  fora  parts  of  this  specif loatlon: 

FEDERAL  SPECIFICATION 

QQ-M-151  Metals:  General  Specification  for  Inspection  of. 

MILITARY  SPECIFICATION 

JAN-C-490  Cleaning  axvl  Preparation  of  Ferrous  Metal  Surfaces  for 
Organic  Protectira  Coatings. 

U.  S.  ARMY  SPECIFICATIONS 

50-0-1  General  Specification  for  Aaounltion  except  Basil  Ana 
Aamunltldh 

50-27-1  Blanks,  Rotating  Band  for  Projectiles 

57-O-U  Macro- etch  Test  and  Standards  for  Steel  Bars,  Billets, 

Blooas  and  Slabs 

57-0-5  Megnstlo-partlole  Inspection:  Prooess  for  Ferro  Kagnetlo 
Materials 

100-2  Standard  Specification  for  Marking  Shljasnta  by  Contractors. 

(Copies  of  specifications  should  be  obtained  froa  the  procuring  agency  or 
as  directed  by  that  agency.  Both  the  title  and  identifying  number  or  eyabol 
should  he  stipulated  when  requesting  eoples.) 

3.  REQUIREMENTS 

3.1  general.  The  projectiles  shall  meet  all  requirements  prescribed  on 
drawings  and  in  applicable  specifications. 

3.2  Materials.  Materials  and  parts  shall  be  in  accordance  with  applicable 
specifications  and  drawings, 

3.3  ohaeiciiLi  composition.  The  composition  of  tbs  steel  used  in  projec¬ 
tiles  shall  be  at  the  option  of  the  contractor,  prowided  the  projeotilec 
aeet  the  functioning  requirements  and  tests  preserihsd  herein. 
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3.4  Heat  treatment.  The  heat  treatment  given  the  projeotile  bodies 
ahall  be  uniform  for  each  heat  of  steal.  All  details  concerning  heat  treat¬ 
ment  must  be  shown  on  the  data  card.  (See  5. 1.2  and  t.6.) 

3.5  Soundness.  All  projectile  bodies  shall  be  sound  and  free  from  in¬ 
ternal  strains,  and  other  defects  vhioh  would  affect  their  armor  piercing 
properties.  Each  projeotile  shall  be  free  of  imperfections  that  are  de¬ 
tectable  when  Inspected  as  prescribed  in  4.6. 

3.6  Cleaning  before  assembly.  (Applies  only  to  projeotlles  with  wind¬ 
shields).  The  projectile  bodies  and  windshields  shall  be  cleaned  and  free 
of  foreign  material  at  the  time  of  attaching  the  windshield  to  the  shot 
bodies. 

3*7  Attachment  of  windshields.  After  heat  treatment  of  the  projeotile 
bodies,  the  windshields  shall  be  firmly  and  rigidly  attaohed  thereto  in  the 
manner  pseeorlbed  on  the  applicable  drawing  and  shall  be  oonoentrlo  with 
the  psejectlle  body  within  the  limits  prescribed  on  the  drawing.  The  assem¬ 
bly  shall  be  free  of  oracke  and  tears.  (8ee  4.6.) 

3.3  Band  seating.  Prior  to  banding,  the  band  seat  shall  be  dean  and 
free  from  oil,  grease,  dirt,  rust,  and  other  foreign  material.  Shot  or 
sand  bleating  is  not  permitted  for  cleaning  the  bend  eeot  after  knurling. 

The  rough  rotating  band  shall  he  In  the  form  of  a  solid  ring,  annealed  and 
carefully  pressed  Into  the  hand  seat  so  as  to  completely  fill  it  and  fit 
tightly.  The  hand  shall  be  applied  oold  after  final  heat  treatment  of  the 
projectile  body. 

3.9  Physical  properties  of  gilding-metal  rotating  bands.  Before  assem¬ 
bly  to  the  projectile,  rotating  hand  blanks  shall  meet  the  requirements  of 
specification  30-27-1,  Class  B,  annealed  condition,  and  after  assembly  shall 
meet  a  180°  bend  test.  (See  4. 5. 3, 2.,' 

3.10  Protection  of  rotating  bands.  The  machined  rotating  hands  shall  be 
carefully  protected  from  being  nloked,  burred,  or  otherwise  damaged  in  sub¬ 
sequent  handling  and  shipping. 

3.11  Preparation  for  painting  after  assembly.  All  surfaces  of  projec¬ 
tile  parts  shall  be  pro pared  by  Grads  I  treatment.  Specification  JAlf-C-490, 
except  rotating  band  and  rotatlng-band  seat  vhioh  need  not  be  so  prepared. 

Cleaned  surfaces  shall  remain  unoontamlnated  prior  to  painting.  After  appli¬ 
cation  of  the  paint  prescribed  on  the  drawing,  the  paint-phosphate  system 
shall  be  capable  of  withstanding  a  72-hour  salt  spray  test.  (See  4.7.) 

3.12  Coating.  The  exterior  coating  and  the  tracer  cavity  coating 
specified  on  the  drawing  for  the  projeotile  shall  be  applied  in  such  a  man¬ 
ner  as  to  produce  a  tightly  adherent  coating  of  uniform  thickness  over  the 
entire  apeoified  areas.  The  projeotlles  shall  be  stenollled  or  marked  as 
prescribed  on  the  drawing.  All  paint  and  marking  shall  be  dry  to  the  touch 
before  the  projeotllee  are  packed  for  shipment. 

3.13  Belli stic  gerfonnance . 

3.13.1  Amor  plaie  perfomanoe.  The  projeotlles  shall  he  ospshle  of 
penetrating  armor  plate  of  the  type  and  thickness  and  under  the  conditions 
specified  in  4.8.4, 

3.13*2  Security  of  component  attachment.  The  projeotllee  shall  with¬ 
stand  firing  in  a  worn  but  serviceable  gun without  the  loss  of  the  wind¬ 
shield  or  rotating  bands. 
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3.14  Pilot  lot.  The  contractor  shall  produos  and  submit  to  tha  con¬ 
tracting  officer  or  representative  designated  by  him,  a  pilot  lot  of  tha 
site  specified  in  Table  I  for  metallurgical,  ballistic  and  other  taste  to 
date rains  tha  satisfactoriness  of  his  aatarlals  and  methods.  Any  produc¬ 
tion  under  the  contraot  prior  to  the  approval  of  the  pilot  lot  will  be  at 
the  risk  of  the  contractor. 

4.  SAMPLING,  INSPECTION  AND  TEST  PROCEDURE 

4.1  Inspection  general.  Inspection  shall  be  as  prescribed  in  speo- 
ifloatioim  50-0-1  ana  QQ-M-151. 

4.2  Lots. 

4.2.1  Site  of  lota.  The  else  of  regular  lots  shall  be  limited  in  ac¬ 
cordance  with  Table  I.  Tha  first  production  lot  manufactured  on  any  con¬ 
tract  shall  not  exceed  that  specified  in  Table  I  exeept  where  a  new  con¬ 
tract  immediately  follows  the  manufacture  of  satisfactory  projectiles  of 
the  same  caliber  under  this  specification.:  To  avoid  many  small  lots,  pro¬ 
jectiles  left  over  from  previously  accepted  lots  shall  be  assembled  into 
miscellaneous  lota  not  exceeding  limits  shown  In  Table  I.  The  number  of 
miscellaneous  lots  shall  be  kept  to  a  minimum. 

TABLE  I 


Caliber 

Pilot 

Lot 

let  Prod. 
Lot  Max. 

Reg.  Prod. 
Lot  Max. 

Ml  so.  Lot 
Max. 

20mm 

TiEnT) 

100 

1,000 

20,000 

2,000 

37n» 

50 

1,000 

20,000 

2,000 

40mm 

50 

1,000 

20,000 

2,000 

75mm,  76mm  (3") 

30 

TOO 

13,000 

1,000 

90cm 

23 

500 

10,000 

1,000 

120mm 

23 

500 

3,000 

500 

4.2.2  Make-up  of  lots  t  beats,  composition.  In  no  one  lot  shall  more 
than  one  composition  of  steel  be  used  in  the  projectile  body.  Not  more 
than  six  heats  of  steel  shall  be  used  In  the  projectile  bodies  in  any  one 
lot  exoept  that  in  the  make-up  of  miscellaneous  lots,  only  the  restriction 
on  composition  shall  apply. 

4.3  Sampling,  All  samples  shall  be  seleoted  by  the  inspector  as  re¬ 
quired  by  the  provisions  of  eaoh  separate  test  and  as  outlined  In  Table  II. 

TABLE  II 

CONSOLIDATED  TABLE  OF  SAMPLE  SIZES 

(See  appropriate  sampling  and  test  paragraphs  for  method  of  sampling,  test, 
and  site  of  rataat  sample.) 

Test  SSSSTtSrinftE  75om  thru  3-in.  9&m  thru  lSCSma 

A. ’  TOSS - - TW -  TR* '1W* - 

B.  Rotating  Band 

1.  Tightness  (b)  l/l000/maohlns(a)  l/lOOO/machins  l/lOOO/maohlne 

2.  Character  of  Seating (b)  l/iOOO/maohine  l/1000/maohlne  l/lOOO/maohlne 

3.  Bend  Test  (b)  1/4000  1/4000  1/4000 

0.  Crack#  »  1005&  100*  100* 
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TABLE  II  (Cont'd.) 
CONSOLIDATED  TABLE  OF  SAMPLE  SIZES 


Test 

20mm  thru  40nu 

75mm  thru  3 -in. 

90mm  thru  120mm 

D. 

Plate  Penetration  Test 

1.  First  Lots 

10/lot 

7/lot 

5/lot 

2.  Reduoed  Samples  (o) 

5/lot 

4/lot 

4/lot 

E. 

Security  Test 

1.  First  Lots 

5/lot 

4/lot 

3/lot 

2.  Reduoed  Samples  (o) 

3/lot 

2/lot 

2/lot 

F. 

Velooity  Teat 

1.  First  lot 

5/lot 

5/lot 

5/lot 

2.  Reduced  Sample  (o)(d) 

l/iot 

1/lot 

l/lot 

NOTES: 

(a)  Tightness  of  band  on  20om  projectiles  will  be  determined  In  ac¬ 
cordance  with  4.5.2.  (See  6. 2.1.) 

(b)  Samples  for  these  tests  may  be  combined. 

(c)  Applies  after  10  consecutive  lots  have  passed  this  test  without 
resort  to  retest. 

(d)  Samples  from  five  successive  lota  may  be  held  by  the  manufacturer 
and  shipped  to  the  proving  ground  together. 

4.4  Hardness  test. 

4.4.1  Instrument  used.  Hardness  test  shall  be  made  with  any  of  the 
hardness  testing  instruments  mentioned  in  specif leation  QQ-M-151,  axoapt 
Brlnell;  or  any  othar  device  approved  by  the  ohlef  of  the  supply  service 
involved. 

4.4.2  Location.  On  projectiles  that  have  a  body  diameter  leas  than 
the  bourrelet  diameter,  at  least  one  test  shall  be  made  on  the  body  ap¬ 
proximately  .25"  to  the  rear  of  the  bourrelet,  except  that  20mm  and  40nn 
projeotilea  shall  be  tasted  approximately  .15  lnohes  to  the  rear  Of  the 
windshield  seating  shoulder.  Projectiles  on  whloh  the  full  bourrelet 
diameter  extends  from  ogive  to  rotating  band  shall  ha  tasted  for  hardness 
at  a  point  approximately  l/2"  to  the  rear  of  the  oglve-bourrelet  Inter¬ 
section. 

4.5  Rotating  band  tests. 

4.5,1  Measurement  of  tightness,  (Does  not  apply  to  20mm).  The  band 
shall  be  removed  from  tfie  prescribed  sample  of  projectiles  for  examination 
of  seating,  except  whan  production  is  less, than  1,000  per  working  shift, 

In  which  case  one  projectile  from  each  banding  maohine  from  each  shift 
shall  be  tested  for  seating,  Prior  to  removal,  the  diameter  of  the  fin¬ 
ished  band  shall  be  measured  on  three  diameters,  60°  apart,  and  on  at 
least  two  points  along  the  length  of  the  cylindrical  portion,  near  the 
front  and  near  the  rear  (a  minimum  of  six  diametral  measurements).  These 
points  of  measurement  shall  be  marked  on  the  bands  as  well  as  the  orienta¬ 
tion  of  the  band  on  the  projectile.  After  removal,  the  thickness  of  the 
b»nd  shall  he  measured  at  eaoh  of  the  marked  points,  (12  measurements), 
and  the  diameter  of  the  band  aaat  shall  be  measured  opposite  those  points. 
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The  diameters  of  the  hand  eeat  at  eaoh  point  shall  ha  added  to  the  correspon¬ 
ding  exterior  diameter  of  the  hand  previously  determined.  The  result  will 
indicate  total  diametral  clearance  between  the  hand  and  its  seat.  If  the 
hand  is  wall  seated,  a  negative  clearance  or  interference  me y  he  indicated 
on  some  of  the  measurements  or  even  on  the  average  of  all  measurements.  When 
wavy  hand-seat  rlhe  or  Irregular  hand  profile  Interferes  with  ease  of  measure¬ 
ment,  the  manufacturer  is  authorised  to  machine  the  outelde  of  the  hand  in 
order  to  obtain  an  adequately  cylindrical  surface.  The  diameter  of  the  machined 
hand  shall  exceed  the  bourrelet  diameter. 

4.5. 1,1  Measurement  of  tightness  retest.  In  ease  the  indicated  olearanoe 
thus  determined  ls  greater  than  .006  inch  on  any  one  diameter,  either  front  or 
rear,  the  hand  shall  he  removed  from  10  additional  ahot  from  the  group  repre¬ 
sented.  If  a  olearanoe  greater  than  ,006  inoh  on  any  one  diameter  la  indi¬ 
cated  on  any  one  of  these  additional  projeotilss,  the  entire  group  represented 
shall  he  rejeeted  subject  to  rehanding  and  ratest. 

4.5.2  Character  of  seating.  Bands  shall  he  removed  from  the  prescribed 
sample  of  projectiles  for  examination  of  character  of  seating.  (See  6.2.2.) 

4.5.3  Phyalcal  teeta  of  glldlng-matal  rotating  bands. 

4. 5. 3. 3  Bend' teat.  'The  prescribed  sample  of  bands  shall  be  removed  from 
the  pro Jeotile  and  bent  cold  by  pressure,  without  hammering,  in  the  dlreotlon 
of  the  curvature  of  the  band,  until  it  tightly  anoloaea  ISO6  of  a  rod  equal 
to  the  thickness  of  the  specimen. 

4. 5. 3. 2  Bend  retest.  Double  the  number  of  samples  shall  he  used  for  the 
retest  and  if  failure  ocoura  in  the  retest,  the  projectiles  represented  by 
the  sample  shall  he  rehanded  and  resubmitted  for  teat. 

4.6  Testing  for  craokfl.  In  magnetic  testing  an  electric  ourrent  equal  to 
that  prescribed  in  table  III  shall  he  used.  Procedure  shall  be  followed  as 
prescribed  in  specification  57-0-5 .  All  projectiles  shall  he  demagnetised 
after  the  magnetic  test.  Projectile  bodies  containing  definite  indications  of 
oraoka  as  defined  below  shall  he  rejeotsd.  Imperfections  oomlng  under  the  fol¬ 
lowing  definitions  will  be  considered  indications  of  objectionable  oreokst 
a.  Any  craoke  or  Indications  of  lmpsrfeotlons  whatsoever,  which  run 
other  than  parallel  to  the  axis;  or 

h.  Any  erapks  or  indications  of  Imperfections  running  parallel  with 
the  axis  whloh  appear  in  the  band  seat,  crimping  groove,  or  windshield  seating 
eurfaoe,  or  extend  into  the  ogive. 

Projeotllea  containing  indications  not  defined  above  will  be  considered  accep¬ 
table.  The  acceptability  of  border-line  material  shall  be  determined  by  com¬ 
parison  with  samples  furnished  and/or  approved  by  the  chief  of  the  supply  ser¬ 
vice  Involved. 

TABLE  III 

Magnetising  Current  Required 

Bodies 
(amperes ) 

T6$FS55r 
800-1000 
800-1200 
1000-1500 
1200-1700 


Caliber 
(-«*»•  > 

20mm 

37mm  &  40on 
75m,  7 6m  (3") 
90bbi 
120mm 
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4.7  Salt- spray  resistance.  Aftar  completion  of  painting  as  prescribed 
on  tbs  drawing,  a  representative  sample  of  tbs  assembled  projectiles  shall 
be  subjected  to  a  salt-spray  test  as  preserlbed  in  apeelfioatlon  QQ-M-151. 
After  72  hours  in  the  salt  spray  the  shell  surfaoes  shall  not  show  evl&enoe 
of  rusting  to  an  or  tent  greater  than  that  shown  by  Plate  Ho.  9,  Type  1,  of 
ASM  Photographic  Safe renoe  Standard*  for  Evaluating  Degree  of  Resistance 
to  Rusting  Obtained  with  Paint  on  Iron  or  Steel  Surfaces,  ASM  Designation 
D6IO-U1T. 

4.8  Proving-ground  tests. 

4.8.1  Aiibr- plate  penetration  test  samples,  Tbs  prescribed  sample  shall 
bs  seleoted  after  heat  treatment  of  eaoh  lot  and  eaoh  projeetile  of  the  am¬ 
ple  tasted  for  hardness.  After  hardness  determination  has  been  mads,  tbs 
projectiles  shall  be  aeeembled  with  rotating  bands  (and  windshields  when 
applicable)  by  the  production  method  employed  by  the  contractor.  The  sample 
shall  include  all  heats  of  steel  in  projectile  bodies  in  the  lot  Insofar  as 
allowable  by  the  sample  size  and  the  heat  identification  shall  be  plainly 
distinguishable.  The  sample  shall  also  represent  the  hardness  range  within 
the  lot  Insofar  as  consistent  with  full  beet  representation  and  the  hardness 
of  eaoh  shall  be  recorded  on  the  data  oards.  The  number  of  eaaplee  shall  be 
In  accordance  with  Table  II.  The  assembled  projectile®  shall  be  packed  a ad 
shipped  to  the  proving  ground,  marked  "Tor  Plate  Test."  (See  4.8.4.) 

4.8.2  Security  test  samples.  Samples  for  the  security  test  shall  bs 
assembled  by  the  production  method  used  by  the  contractor,  paoked  and  shipped 
to  the  proving  ground  marked  "Tor  Security  Test."  The  sample  Site  shall  bs 
that  specified  in  Table  II.  (See  4.8.5.) 

4.8.3  Velocity  beet  samples,  for  velooity  tests,  the  inspeotor  shall 
sslsot  the  prescribed  sample  from  equal  parts  of  a  regular  lot  or  at  random 
from  a  miscellaneous  lot.  Tbs  sample  projsotllss  shall  be  forwarded  by  the 
contractor  to  the  proving  ground  marked  "Tor  Velooity  Test."  (See  4.8.6.) 

4.8.4  Armor-nlate  penetration  test.  The  projectiles  submitted  for  piste 
penetration  tests  shall  be  fired  froSTa  gun  for  whioh  the  projectile  is 
standard  a*,  net  armor  plata  of  aoeepted  quality  plaoed  approximately  300 
feet  from  th  gun.  Type  of  plate,  thiokness  and  obliquity  ehall  be  as  speci¬ 
fied  in  Table  IV.  Tbs  striking  velooity  of  the  projectiles  shall  be  10£  ♦  25 
f/a  in  exoess  of  the  ballistic  limit  of  the  plate.  The  lot  shall  bs  consid¬ 
ered  to  have  satisfactorily  passed  the  armor  plate  penetration  test  if  the 
number  of  projectiles  specified  in  the  appropriate  line  of  Table  IV  completely 
penetrate  the  plate.  Tiring  shall  bs  discontinued  when  the  required  number 

of  complete  (or  Incomplete)  penetrations  have  oocurrsd.  An  impact  whioh 
oocurs  under  the  following  conditions  will  be  disregarded  and  another  projec¬ 
tile  fired  in  its  stead: 

a.  Any  projectile  which  bounces  off  face  of  plats  and  remains  intaet; 

b.  Any  projectile  whioh  fells  to  completely  penetrate  the  plats  but 
remains  intact  in  the  plate; 

0.  Any  projectile  which  strikes  m  the  spalled  area  of  s  previous 
impact; 

d.  Any  projectile  whioh  strikes  within  one  caliber  of  the  nearest  edge 
of  a  previous  Impact.  The  measurement  shall  bs  in  terms  of  the  c&llbsr  of 
the  larger  hole. 

e.  Any  projectile  which  strikes  within  two  oallbers  of  the  edge  of  the 

plate. 

f .  Any  projectile  which  falls  to  completely  penetrate  at  less  than  the 
prescribed  velooity.  One  which  does  satisfactorily  penetrate  the  plate  at 
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leas  than  tha  prescribed  velocity  shall  however  be  counted. 

ROTES:  The  ballistic  Halt  of  an  armor  plate  is  defined  as  the  mean  of 
the  velocities  of  one  partial  and  one  oomplete  penetration  which  velocities 
differ  by  not  more  than  50  f/s.  The  yeloolty  of  the  partial  penetration  must 
he  less  than  the  oomplete.  This  value  la  obtained  using  projectiles 

of  aooepted  quality  of  the  same  caliber  and  model  as  the  samples  being  tested. 
When  possible,  the  calibration  area  for  obtaining  the  ballistic  limit  will  be 
the  thickest  portion  of  the  plate. 

A  complete  penetration  la  obtained  if  the  projectile,  or  a  major  portion 
thereof,  passes  through  tbs  plate.  The  proof  officer's  decision  shall  be  final 
as  to  whether  a  major  portion  of  the  projeotlle  has  passed  through  the  plate. 


TABLE  17 


Armor  Plate  Discontinuance  of  Teat 


Caliber 

(Size) 

Thickness 

Obliquity 

Class 

After 

Successful  Imoaot 

Unsuccessful 

Impact 

20mm 

37«m 

4  0cm 

75« 

76*  (3") 
9Chai 

120mm 

3/4" 

1" 

l£" 

2*" 

3" 

4 

20° 

20° 

20° 

55° 

55° 

55° 

55° 

Faos  hard. 
Romo. 
Homo, 
Bubo. 
Homo, 
Homo. 
Homo. 

First 

Lots 

“T” 

8 

8 

6 

6 

4 

4 

Reduced 

Sample 

4 

4 

3 

3 

3 

3 

First 

Lots 

3 

3 

3 

2 

2 

2 

2 

Reduced 

Sample 

2 

2 

2 

2 

2 

2 

4. 8. 4.1  Armor  plate  penetration  retest.  If  the  contractor  so  requests,  a 
lot,  the  samples  wnloh  fail  to  meet  the  standards  of  paragraph  4.8.4,  may  be 
submitted  once  for  retest  without  reproceselng,  in  which  case  the  sample  size 
shall  be  twice  that  shown  in  the  appropriate  line  of  Table  II  and  shall  lnolude 
all  projsotllea  not  fired  in  the  original  plate  penetration  taat.  These  pro¬ 
jectiles  shall  be  the  first  fired  in  the  retest.  If  in  the  retest,  failures 
occur  in  ezoess  of  the  number  allowed  in  the  original  test,  the  lot  shall  be 
rejeoted.  Rejected  lots  may  ba  reprocessed  (see  4. 8. 4, 2)  in  which  event  they 
ehall  in  all  reapecta  be  tested  as  nsv  lets.  A  lot.  of  projectiles  may  be 
reprocessed  tvioe  and  after  each  reprocessing,  submitted  once  to  the  proving 
ground  for  test, 


h.8.4.2  Reprocessing.  Within  this  specification  the  term  "reprocessing" 
shall  mean  ra-atresa-relieving,  reheat- treatment,  etc.  Reprocessed  lots  shell 
be  assigned  a  suffix  A  or  ^  ,  etc.,  after  the  lot  number  according  to  the 
number  of  times  the  lot  is  reprocessed, 

4.8.5  -Security  test,  windshield,  sad  rotating  band.  The  teet  samplee  se- 
laotod^ in  accordance  with  4,8,2  shall  be  assembled  into  complete  rounds  with 
P1*0?® 3- lent  to  118^  of  the  rated  maximum  pressure  of  the  gun 

and  fired  through  chipboard  screens  at  suitable  distance  from  the  gun.  The 
gm  used  shall  be  in  the  last  quarter  of  its  service  life.  There  shall  be  no 
observable  loss  of  windahield  or  rotating  band. 

retest.  Failure  of  only  one  sample  in  the  security  test 
shall  permit  the  retest  of  a  triple  number  of  samples  from  the  lot.  The  failure 
of  two  or  more  projectiles  in  tha  original  test  or  any  projectile*  in  retest 
shall  require  rebanding  or  re-assembly  of  windshields,  depending  on  the  component 
whioh  failed,  of  all  projeotilea  in  the  lot. 
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h'Q‘*  ValpcUp  testa.  Proving- ground  test*  for  velocity  and  dispersion 
ara  not  acceptance  taste,  but  tha  raaulta  will  ba  acrutlnized  carefully  by 
tha  Ordnanoe  Department  to  determine  quality  of  the  ©munition  produced. 
Failure  in  ary  phaee  of  the  proving-ground  teat©  will  reault  in  re-inepec- 
tion  of  the  lot  by  the  Ordnance  Department.  The  projectiles  repre Ben ting 
eaoh  lot  and  marked  "For  Velocity  Teat"  ahall  be  fired  for  comparlaon  with 
a  group  of  five  projectiles  from  a  reference  lot  of  ecoepted  projectiles 
which  has  been  selected  for  the  purpose,  utilising  the  eervice  ehargo . 
Velocitiea  will  be  measured  on  all  rounds.  Velocities  of  the  teat  lots 
will  be  compared  with  results  of  the  concurrently  fired  reference  group  to 
Indicate  whether  re-inspection  of  the  test  lot  ia  necessary.  Not  more 

dlfforeni  lota  of  the  test  projectiles  marked  "For  Veloolty  Test" 
shall  be  fired  for  comparison  with  one  group  of  five  teat  projectiles  of 
the  reference  lot.  Projectiles  from  each  of  the  test  lots  shall  be  fired 
in  rotation,  that  is,  one  reference  projectile  shall  ba  followed  sucoesslve- 
ly  by  one  projectile  from  each  of  the  lots  under  test,  continuing  until 
the  series  is  completed. 

Dispersion . teat  (30mm  projectiles  only).  The  dispersion  of 

20mm  projectiles  will  be  measured  during  the  velocity  test.  This  will  be 
accomplished  by  firing  the  velocity  test  aamples  sgsinBt  a  chipboard  screen, 
placed  approximately  300  feet  from  tha  mute Is  of  the  gun.  Diepersion  of 
test  rounds  will  be  compered  with  that  of  the  refer© noe  group. 


5.  PREPARATION  FOR  DELIVERY 

5.1  Packing. 

5*1*1  Container.  The  projectiles  shall  be  packed  in  a  comne*cial-type 
container  so  constructed  as  to  insure  acceptance  by  Common  or  other  carrier, 
for  safe  transportation,  at  the  lowest  rate,  to  the  point  of  delivery.  Each 
projeotlle  shall  be  protected  by  means  of  auitable  partitions  from  coming  into 
contact  with  another  projectile.  The  paoklng  container  shall  be  sufficiently 
rigid  to  permit  storing  in  tiers  at  least  10  feet  high  without  damage  to 
either  the  containers  or  contents.  The  gross  weight  of  any  container  shall 
not  exceed  200  lbs.  except  when  pallets  are  used.  The  lot  numbers  of  con¬ 
tents  shall  be  marked  on  each  container. 

5.1.2  Data  card e.  The  data  cards,  5*8  inches,  made  of  oomeroial  man i la 
tagboard  approximately  200  lbe.  ream  weight,  shall  be  prepared  for  eaoh  lot  of 
accepted  projectiles  to  provide  the  information  specified  below.  Quantities 
(approximately  50  cards  per  lot)  and  distribution  of  data  cards  ehsll  be  in 
accordance  with  instructions  issued  by  Office,  Chief  of  Ordnance.  (See  6.7.) 

DATA  CARD 


Drawing  No.* 

Body  pomk. _ 

Manufactured  by_ _ _ 

Contract  No._ _ 

Packed _ 

Remarks  _ _ 

*State  revisions  and  amendments . 


Ammunition  Lot  No. 

Quantity  in  Lot _ “ 

Speo.  No.* 
Wlndahleld  Pomk. 
Date 


in  a  box 


boxes 


Certified  to  by _ ,  Inspector 

(Print  here  name  of  inspector,  district,  arsenal, 
or  loading  plant,  end  sub-district  where 
applicable.) 
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5. 2  Marking*  The  narking  for  shipment  shall  be  in  accordance  with  spec¬ 
ification  100-2. 

6.  items 

6.1  Intended  uae.  Projectiles  manufactured  according  to  this  specifica¬ 
tion  are  Intended  for  use  against  araored  combat  vehicles  and  armored  aircraft. 

6.2  Seating  of  band.  The  necessity  for  firmly  seating  the  rotating  band 
so  that  it  is  in  contact  with  the  projectile  at  all  points  oannot  be  over¬ 
emphasised.  Air  gaps  of  even  a  few  thousandths  of  an  lnoh  result  in  differ¬ 
ences  in  starting  resistance  when  the  band  enters  the  rifling.  This  oauees 
variations  in  the  burning  oharaoterlstioe  of  the  powder  whioh  in  turn  affeots 
the  muscle  velocity  and  finally  the  aoouraoy.  Bands  must  be  fully  and  uniform¬ 
ly  applied  in  order  to  obtain  satisfactory  results. 

6.2.1  It  is  impractical  to  inspect  20sm  rotating  bands  for  tightness  in  ao- 
oordance  with  4.5.1  and  4. 5. 1.1.  Bands  of  20rim  projectiles  whioh  pees  inspec¬ 
tion  for  oharaoter  of  seating  of  4,5,2  will  be  presumed  to  have  met  tightness 
requirements. 

6.2.2  Completely  filled  corners  of  the  band  seat,  complete  impression  of 
knurling  and  machine  marke  which  hava  been  transposed  to  bottom  of  band  from 

band  seat  ere  indications  of  proper  seating. 

6.3  Waiting  for  ballletlo  results.  The  manufacturer  may  weit  until  results 
of  ballletlo  teste  ere  known  before  prooeeding  with  banding  and  assembling 
windshields  to  projectile  bodies. 

6.4  This  specif ieation  replaoes  Ordnance  Department  Tentative  Specif loa- 
tlons  AX 8-66?,  AX 8-668,  AX8-687,  end  AXS-1203. 

6.5  Armor  plate.  Tor  proving  ground  teste,  the  armor  used  will  be  wrought 
armor  aooeptable  under  spsolfloatlons  57-115-11  end  57-115-18  or  JAN-A-tSU, 
whichever  is  applioable. 

6.6  Recommended  heat  trsatment.  Peat  experience  has  Indicated  that  beet 
results  are  obtained  if  differential  hardness  patterns  in  projeotlle  bodies 
are  developed  by  beat  treatment  oyolea  whioh  consist  of  uniformly  hardening 
the  enWCve  projeotlle  body  followed  by  differential  tempering  to  obtain  the 
dealred  hardneas  pattern.  A  suitable  hardness  pattern  hae  been  found  to  be 
one  in  whioh  the  hardness  is  (a)  not  less  than  R06O  at  or  near  the  center  of 
the  transverse  plane  whioh  paeaee  through  the  intersection  of  ogive  and 
bourrslet,  and  (b')  in  the  range  of  Ro47  through  Ro53  at  or  near  the  oenter  of  the 
transverse  plane  juat  forward  of  the  rota ting-band  seat.  The  hardneaa  pattern 

la  heat  examined  by  sectioning  the  projeotlle  on  an  axial  plane. 

6.7  Mandatory  olauae.  The  use  of  this  spsolfloatlon,  whenever  applioable, 
is  mandatory  on  all  procuring  agencies  of  the  Army, 
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MILITARY  SPECIFICATION 


SHOT,  ARMOR-PIERCING,  HYPER-VELOCITY; 
WITH  TUNGSTEN-CARBIDE  CORES; 

METAL  —  PARTS  ASSEMBLY 


1.  SCOPE 

1.1  This  specification  covers  hyper-velocity  armor-piercing  (HVAP)  shot, 
the  cores  of  which  are  made  from  tungaton  carbide  and  the  carriers  of  which 
are  made  from  steel,  or  aluminum.  (See  6.1.) 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  specifications,  together  with  ’the  Ordnance  Corps 
Drawing  and  Standard  Inspection  Procedure  pertaining  to  the  shot  under  con¬ 
tract,  and  all  drawings  and  speelfioatloas  refers need  thereon,  of  the  issue 
in  effeot  on  date  of  invitation  for  bids,  form  a  part  of  this  specification: 

SPECIFICATIONS 


FEDERAL 

QQ-M-151  Metals;  General  Specification  For  Inspection  of 


MILITARY 

MIL-O-2550 

MIL-P -10025 

MIL-R-11073 
MIL-B -20292 


Oeneral  Specification  for  Ammunition  Except 
Small -arms  Ammunition 

Packing  and  Marking  for  Domestic  Shipment  of 
Inert  Asmmnltlon  Components;  Oeneral  Specifications  for 
Rotating  Band  Blanks,  Sintered  Iron 
Blanks,  Rotating  for  Projectiles 


(Copies  of  specifications,  standards,  drawings,  and  publications  re¬ 
quired  by  contractors  in  connection  with  speeiflo  procurement  functions 
should  be  obtained  from  the  procuring  agency  or  ae  directed  by  the  contract¬ 
ing  officer. ) 
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3.  REQUIREMENTS 

3.1  Materials. -Materials  and  parts  shall  be  in  accordance  with  appli¬ 
cable  drawings  and  specif lea tiona . 

3.2  Components e -The  metal  parts  shall  comply  with  all  requirements 
specified  on  the  applicable  drawing  and  all  drawings  referenced  thereon,  and 
with  all  requirements  specified  In  applicable  specifications. 

3.3  Cores. -Cores  shall  be  manufactured  by  a  commercially  acceptable 
process,  and  shall  comply  with  all  dimension  and  weight  requirements  speci¬ 
fied  6n  the  applicable  drawing. 

3.4  Assembly  of  component e. - 

3.4.1  Body  parts. -The  bourrelet  ring  shall  be  attached  to  the  body 
by  either  a  press  or  a  shrink  fit. 

3.4.2  Support  of  oorsB.-Cogs  shall  be  rigidly  supported  within  the 
metal-parts  assembly  as  shown  on  the  drawing  with  no  movement  evident  after 
painting. 

3 . 5  Banding  (applicable  only  to  shot  having  e^mrate  rotating  hands). - 

3.5.1  feand  beat. -Prior  to  banding,  the  band  seats  shall  ha  clean  and 
free  from  oil,  grease,  dirt,  rust,  and  other  foreign  material. 

3.5*2  Rotating  band  (sliding  metal). - 

3 .5 .2.1  Blanks. -The  rotating’- band  blank  shall  be  in  the  form  of  a 
solid  ring,  annealed  if  necessary  to  comply  with  the  requirements  of  Speci¬ 
fication  MI L-B -20292,  except  that  in  the  case  of  hot  banding  at  not  leas 
than  8 00°  F,  no  prior  annealing  shall  be  necessary. 

3. 5 .2. 2  Distortion. -The  band  shall  be  applied  after  final  heat  treat¬ 
ment  of  the  shot  body.  It  shall  be  applied  in  suoh  a  manner  so  as  not  to 
distort  the  walls  of  the  shot.  Distortion  shall  not  hs  considered  to  have 
taken  place  if  the  hand  seat,  and  the  shot  body  mediately  adjacent  to  the 
band  are  within  drawing  tolerances  specified. 

3. 5> 2. 3  Application. -The  bands  may  be  applied  either  hot  or  odd,  but 
if  applied  hot,  the  contractor  shall  perform  the  banding  operation  in  a 
manner  that  will  hold  the  soale  remaining  between  the  band  and  the  seat  to  a 
minimum. 

3.5.2. 4  Heating. -The  bands  shall  not  be  heated  above  1,600°F  to  pre¬ 
pare  them  for  application  to  the  ehot.  The  bends  shall  be  heated  uniformly 
throughout  and  in  a  manner  that  will  prevent  undue  oxidation  (loose  scale). 

3 . 5 * 2 . 5  Band  seating  (applicable  to  destructive  teat  only) . -After 
seating  the  rotating  band  the  olearanoe  between  th@~band  and  band  seat 
shall  not  exceed  .006  inch  when  tested  as  specified  in  4.6.1. 

3 . 5 . 2 . 6  Band  seating  (applicable  to  non -destructive  teat  only). -The 
rotating  band  shall  comply  with  the  requirements" specified  in  Table  I  when 
tested  as  specified  in  4.6.2. 


TABLE  I 


CALIBER 


INDENTOR 
SHELL  SI&E 

MODEL  IS  INCHES 


INDENTOR 
FACE 
RADIUS 
IN  INCHES 


RAM  AVERAGE 
PRESSURE  INDICATED 
IN  POUNDS  DIAMETRAL 
(APPROX)  CLEARANCE 


76MM 


T66E3  .3125  x  .3125  1.55 


9,000  .010 
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3. 5. 2. 7  Physical  properties  of  rotating  tendg.-The  material  for  the 
rotating  tends  stell  fears  the  following  physical  properties  when  tested 
as  specified  In  4.6.3. 


Tensile  Strength  psl  minimum — -----....--.32^000 
Percent  Elongation  Min.  in  1  inch——— -  15 


3.5.3  Rotating  tend  (sintered  Iron). - 

3. 5. 3.1  Band"tlghiftiii.  -The  rotating  tend  shall  respond  vith  a 
metallic  ringing  sound  when  tested  for  tightness  as  specified  in  4.7.1. 

3. 5. 3. 2  hardness.  -The  Rockwell  H  reading  shall  not  exceed 
100  when  tested  as  apecifieOn  4.7.8. 

3. 5. 3* 3  Rotating  hands. -The  band  blanks  shall  be  carefully  pressed  In* 
to  band  seat  so  as  to  hare  no  gap  between  bottom  of  tend  seat  and  rotating 
band  and  so  as  to  make  contact  with  the  side  walls  of  the  rotatlng-band 
seat  for  minimum  dlstanoe  of  l/2  of  the  band-seat  depth  when  tested  ae  speci¬ 
fied  in  4.7.3. 

3.5.3.^  Blanks . -The  rotatlng-band  blanks  stell  be  in  strict  compliance 
with  Specification  MIL-R -11073. 

3.5.4  Protection  of  rotating  band. -The  machined  rotating  bands  shall 
not  be  nicked,  burred,  or  otherwise  damaged  and  shall  he  protected  from  such 
damage  during  subsequent  handling  and  storage. 

3.6  Pilot-lot  requirements.- 

.3*6.1  The  contractor  shall  produos  and  submit  a  pilot-lot  sample  of  a  least 
40  metal-parts  assemblies  to  the  Contracting  Officer  or  representative  designated 
by  him,  for  metallurgical,  ballistic,  and  .other  tests  in  order  to  determine  the 
setlsfactorlness  of  his  methods  and  materials.  The  pilot  lot  shall  be  given  100 
percent  inspection  by  gaging  and  other  non-destructive  teste.  Of  this  lot,  36  metal 
parts  assemblies  shall  be  assembled  by  the  contractor  into  complete  shot,  and  for¬ 
warded  to  the  Proving  Ground  for  ballistic  tests.  The  remaining  2  metal  parts 
assemblies  shall  be  retained  at  the  inspection  arsenal  for  destructive  metallurgical 
examination  as  deemed  necessary.  Production  continued  under  the  contract,  prior  to 
the  approval  of  the  pilot  lot,  shall  be  at  the  risk  of  the  contractor. 

3.6.2  Ballistic  requirements. -(pilot-lot) 

3. 6. 2.1  Plate  penetration. -The  Protection  Ballistic  Limit,  BL(P),  of  the 
pilot-lot  samples  shall  not  exceed  the  BL(P)  of  the  reference  lot  samples 

by  more  than  100  f/a  vhen  tested  as  specified  la  4.8.1. 

3. 6. 2. 2  Security . -There  shall  be  no  loss,  or  breakup,  of  any  shot  com¬ 
ponent  either  in  the  gun  bore  or  in  flight  vhen  tested  as  specified  in 

4.  &  .2. 

3.7  Ballistic  requirement  (production  lot).- 

3.7.1  Plate  penetration., -The  fet'd?)  of  the  production  lot  samples  shall 
not  exceed  tha'BL(p)  of  the' reference  lot  samples  by  more  than  100  f/e  whan 
tested  as  specified  in  4.9.1. 

3.7.2  Security. -There  shall  be  no  loss,  or  breakup,  of  any  shot  com¬ 
ponent  either  in  the  gun  bore  cr  in  flight  when  tested  as  specified  in  4.9.2. 
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3.8  Cleanliness. -All  parts  shall  he  free  of  ohips,  dirt,  grease,  rust, 
and  other  foreign  material. 

3.8.1  Cleaning  before  assembly. -The  ourfstces  of  all  shot  parts  shall 
he  cl&an  and  free  of  foreign  material  at  the  time  of  assembly.  The  clean¬ 
ing  method  used  shall  not  he  injurious  to  any  of  the  parts  nor  shall  the 
parts  he  contaminated  hy  the  cleaning  agents  used. 

3*9  Workmanship. -The  workmanship  shall  he  of  such  quality  that  all 
parts  shall  he  acceptable  under  visual  inspection  and  shall  meet  all  dimen¬ 
sional  and  physical  properties  prescribed. 

4.  QUALITY  .ASSURANCE  PROVISIONS 

4.1  Lot. -A  lot  shall  oonslet  of  all  assemblies  manufactured  hy  one 
manufacturer  under  one  oontraot,  in  one  unchanged  process  in  aooordanoe 
with  the  same  drawing,  same  drawing  revision,  same  specification,  and  same 
specification  revision.  Each  lot  shall  oontaln  cores  mads  hy  one  manufac¬ 
turer,  in  accordance  with  one  unchanged  process  and  consisting  of  tungsten- 
oarblde  powdered-metal  mixture  from  hatches  mads  in  aooordanoe  with  one 
unchanged  prooess  and  hinder  of  not  more  than  one  type  (i.e.  cobalt,  or  a 
niokel-oobalt  mixture,  etc.). 

^•2  Sampling . -Number  of  samples,  acceptance,  and  rejection  criteria  used  fox- 
determination  of  lot  acceptance  for  testa  specified  in  4.4,  4.5,  4.6  and  4.7  ahall 
he  in  accordance  with  the  applicable  Standard  Inspection  Procedure.  Samples  for 
proving  ground  tests  specified  in  4.8  and  4.9  shall  he  selected  hy  the  inspector  in 
accordance  with  Table  II. 

TABLE  II 


Proving -ground  Samples 


A. 

Plate  Penetration 

1.  Pilot  lot  a 

18 

2.  Production  lot 

9 

B. 

Security 

1.  Pilot  lot 

10 

2.  Production  lot 

5 

C. 

Velocity-Accuracy 

1.  Pilot  lot 

10 

2.  Production  lot 

2b 

NOTES: 

®The  manufacturer  may  wait  until  the  results  of  the  armor  plate  penetra¬ 
tion  test  are  available  before  proceeding  with  handing  and  assembly  of  the 
complete  lot.  Assembly  of  the  lot  shall  ba  completed  prior  to  seleotlon 
and  submission  of  the  balance  of  proving-ground  samples. 

1:>Two  sample  shot  from  eaoh  production  lot  shall  he  retained  hy  the  manu¬ 
facturer  until  10  samples  have  been  accumulated.  These  samples  shall  then 
he  shipped  to  the  proving  ground  for  test. 
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4.3  Inspection. -General  inspection  ehall  be  aa  opacified  in  Speoi- 
fi cation  MIL-0-2550  and  QQ-M-151.  (When  applicable) 

k,k  Integral  rotating-band  hardness  teat. -Sample  a hot  shall  be 
selected  and  subjected  to  a  bardneaa  teat  using  a  Rockwell  or  similar 
type  of  hardness -testing  machine  to  determine  that  the  rotating-band 
hardness  does  not  exeeed  the  requirement  specified  on  the  drawing. 

4.5  Core  tests.- 

4.5.1  Bardneaa. -Baoh  core  shall  be  tested  on  the 'baas,  or  on  the 
cylindrical  portion  approximately  at  the  center,  to  determine  ooapllanoe 
with  the  hardness  requirement  specified  on  the  drawing  for  the  oore.  A 
spot  may  be  ground  on  the  cylindrical  portion  not  to  exoeed  .010  inch  deep. 

The  hardness  of  cores  shall  be  shown  on  the  data  card,  by  listing  tbe 
quantity  of  cores  in  each  range  of  not  more  than  two  points,  Rookwell  "A" . 

4.5.2  Bend. -Each  core  shall  be  tested  for  gross  flaws  by  being  sub¬ 
jected  to  a  bending  load  in  the  manner  specified  on  the  applicable  drawing. 

In  the  case  of  minor  superficial  flaws,  the  core  shall  be  positioned  with 
the  flaw  in  tension  during  the  application  of  load.  After  completion  of 
the  bend  test  eaoh  oore  shall  pass  freely  through  a  tube  of  the  dimensions 
specified  on  the  drawing. 

4.5.3  Chemical. -A  certified  chemical  analysis  of  the  blended  powder 
produced  shall  be  furnished  on  the  data  card  by  the  contractor  (aee  6.2). 

4.6  Rotating-band  teat  (gilding  metal). 

4.6.1  Deatructive  method  of  inspecting  rotating-band  tightness  of  Bbot  other 
than  those  Hated  In  Table  I. -Tbe  rotsting  band  of  the  saple  shot  shall  be  tested 
as  follows:  ftrior  ta  removal,  the  diameter  of  tbe  finished  band  shall  be  measured 
on  three  diameters  60°  apart;  and  on  two  points  along  the  cylindrical  portion  of 
Its  length  (near  the  front  and  near  the,  rear  edge).  This  comprises  six  diametral 
measurements.  These  points  of  measurement  shell  be  marked  on  the  bande  as  well  es 
tbe  orientation  of  the  band  on  tbe  shot.  Tbe  band  shall  be  carefully  removed  so 
as  to  keep  deformation  to  a  minimum.  After  removal,  tbe  thickness  of  tbe  band  sball 
be  measured  at  each  of  the  marked  points  (a  total  of  twelve  meaaurementa)  and  the 
diameter  of  tbe  band  scat  corresponding  to  these  points  shall  be  also  be  measured. 

To  each  of  the  diameters  of  the  band  seat  tbe  sum  of  the  corresponding  two  thick¬ 
nesses  of  the  band  shall  be  added  and  tbe  result  subtracted  from  tbe  corresponding 
exterior  diameter  of  the  band  previously  determined.  Tbe  result  shall  indicate  the 
total  diametral  clearance  between  the  band  and  its  seat  to  determine  compliance 
with  3«5«2. 5.  If  the  band  is  well  seated,  e  negative  clearance  or  interference 
may  be  indicated  on  seme  of  the  measurements  or  even  on  the  average  of  all  meas¬ 
urements.  When  irregular  band  profile  interfere  with  ease  of  measurement,  the  manu¬ 
facturer  shall  be  authorized  to  machine  tbe  outside  of  the  band  in  order  to  obtain 
an  adequate  cylindrical  surface.  The  diameter  of  the  machined  band  sball  exceed 
the  bourrelet  diameter. 
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4,6,2  Non-de struct lye  method  of  Inspecting  rotating -band  tightness .-The 
rotating  band  of  tbs  sample  shot  stall  be  tested  in  an  approved  machine  consisting 
of  a  hydraulic  press  having  one  movable  ram  capable  of  exerting  a  total  ram  preaaure 
of  12,000  pounds  minimum.  Two  indentorB  (or  anvils)  of  rectangular  cross  section, 
each  having  a  face  rddius  to  match  the  band  diameter  (see  Table  I)  shall  be  provided, 
one  on  a  fixed  adjustable  post  and  one  on  the  movable  ram  of. the  press  but  both  on 
a  common  center  line.  The  press  shall  be  fitted  with  indicators  to  show  the  pres¬ 
sure  on  ram  and  the  motion  of  the  ram.  The  band  seating  shall  be  Inspected  by  press¬ 
ing  the  band  between  the  indentors  in  two  planes  (normal  to  the  longitudinal  axis 
of  the  shot)  approximately  90°  apart  and  measuring  the  travel  of  the  indentors  due 
to  the  application  of  pressure.  Care  shall  be  exercised  so  as  not  to  take  readings 
until  after  full  preaaure  has  been  applied  and  the  motion  of  the  ram  ceaBed  as 
shown  by  the  dial  indicator.  Information  regarding  the  types  of  approved  machine 
and  their  specific  operating  instructions  may  be  obtained  from  the  procuring  agency. 
The  pressure  used  (see  Table  I)  shall  be  great  enough  to  seat  the  band  under  the 
indentors,  but  not  so  great  that  permanent  deformation  of  the  shot  occurs.  The 
difference  in  the  measured  diameter  of  the  rotating  band  before  and  after  the  appli¬ 
cation  of  pressure  represents  the  sum  of  the  clearance  under  the  band  in  that  plane. 
The  readings  in  the  two  planes  shall  not  exceed  the  value'  shown  in  Table  I.  The 
impression  left  by  the  indentors  shall  not  be  cause  for  rejection  of  the  shot.  The 
non-destructive  test  shall  be  performed  after  the  O.D.  band  inspection;  the  slight 
increase  in  O.D.  over  t.hp  maximum  shall  not  be  cause  for  rejection.  The  degree  of 
rotating-band  tightness  shall  be  read  to  determine  compliance  .with  3 . g . 2 . 6 . 


4.6.3  Physical -pro party  teats  of  rotating  hands. -A  aample  of  un- 
machined  bonds ,  from  which  a  light  surfaoe  out  (.02  maximum)  has  been  taken, 
shall  be  removed  to  provide  apeelmens  to  be  subjected  to  eaoh  of  the  tests 
specified  In  3. 5. 2. 7.  The  bands  shall  be  carefully  removed  from  the  shot 
and  carefully  flattened  without  hammering.  Each,  test  specimen  shall  be  out 
along  the  direction  of  the  flattened  length  and  prepared  in  such  manner  as 
to  hold  to  the  minimum  any  additional  cold  working.  Samples  shall  be  seleoted 
and  tested  in  accordance  with  Specification  QQ-M-151  for  determination  of 
percent  elongation  and  tensile  strength.  In  addition,  test  apeelmens  for 
elongation  and  tensile  strength  shall  be  manned  to  the  form  and  dimensions 
specified  In  Specification  MIL -B -20292;  for  tensile  properties  of  bands 
less  than  ,5  inch  In  width  a  specimen  maohlned  to  the  maximum  rectangular 
oross-section  that  can  be  obtained  from  an  unmaohlned  band  shall  be  used. 

4,7  Rotating -band  test  (sintered  iron), 

4.7.1  Ron -destructive  method  of  inspecting  rota ting -band  tightness. - 
The  rotating  band  of  the  sample  shot  shall  be  subjected  to  a  sonic  test. 

A  hammer  of  copper,  bronze,  or  soft  iron  shall  be  caused  to  give  a  light 
clean  blow  on  the  soft  surfaoe  of  the  band  to  determine  compliance  with 
3*  5.3.1. 

4.7.2  Rockwell  hardness. -Rockwell  "H"  readings  shall  be  taken  on  at  least 
three  points  around  the  circumference  of  the  band  in  accordance  with  Speci¬ 
fication  QQ-M-151  to  determine  compliance  with  3-5. 3. 2. 

4.7.3  Destructive  method  of  Inspecting  rota ting-band  tightness . -The 
rotating  band  Bample  shot  selected  shall  be  tested  as  follows:  Carefully 
cross-section  the  shot  with  a  wet  abrasion  cut-off  wheel  ao  aa  to  produce 
four  segments  of  90°  each.  Visual  examination  of  the  16  pieces  shall  then 
be  conducted  to  determine  compliance  with  3.5. 3. 3. 
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4,8  Proving “around  teat  (pilot-lot), - 

4,8.1  Plate  penetration. -Prior  to  firing  pilot-lot  penetration  samples, 
the  BL(P)  of  a  reserve  reference  lot  of  the  sane  caliber  end  model  aa  the 
pilot  lot,  shall  be  determined.  The  BL(P)  Is  defined  as  the  mean  of  six 
velocities,  to  Include  three  complete  and  three  partial  penetrations,  the 
velocity  spread  of  which  shall  not  exoeed  100  feet  per  seoond.  Following 
determination  of  the  BL(P)  of  the  reference  lot,  the  BL(P)  of  the  pilot 
lot  shall  bedetermined  aa  Indicated  above,  utilising  samples  selected  In 
accordance  with  fable  II  of  4.2.  All  samples  shall  be  fired  from  a  gun 
for  which  the  shot  is  standard,  against  homogeneous  armor  plate,  placed 
approximately  300  feet  from  the  muzzle  of  the  gun.  Thickness  and  obliquity 
of  plate  shall  be  as  speolflsd  in  fable  III.  A  complete  penetration 
shall  be  considered  to  have  occurred  If  a  fragment  of  the  plate  or  core 
is  thrown  beyond  the  rear  of  the  plate  with  sufficient  energy  to  pene¬ 
trate  a  0.020-inoh  aluminum  alloy  (24  SI)  ahaet,  or  its  equivalent,  placed 
parallel  to,  and  one  foot  behind  the  plate.  When  In  the  proof-officer's 
opinion,  it-  Is  possible  to  observe  that  these  conditions  are  being  oomplled 
with,  without  the  uee  of  a  sheet,  as  In  tasting  against  heavier  plate,  the 
sheet  may  be  omitted.  An  Impact  that  ooours  under  the  following  conditions 
shall  be  disregarded  and  another  sample  fired  In  Its  stead:  (Coat  of  such 
additional  samples  and  testing  will  be  home  by  the  Government.)  (See  6.4J 

a.  Any  core  that  b trikes  within  three  core  diameters  of  the  edge 
of  the  plate. 

b.  Any  core  that  strikes  within  two  core  llama  tea  of  a  previous 
Impact  or  whose  path  of  penetration  intersects  a  previous  bole. 

c.  Any  shot  that  strikes  In  the  spalled  area  of  a  previous  lmpaot. 


TABLE  III 


Caliber 

(Size) 

Thickness 

(Inches) 

Armor  Plate 
_ Qbllaultv 

76 -MM 

Pilot  Lot 

2" 

60° 

Production  Lot 

4" 

2" 

£ 

90 -MM 

Pilot  Lot 

3" 

55° 

6" 

30° 

Production  Lot 

3" 

55° 

4.8.2  Security  test. -The  sample  shot,  selected  in  accordance  with 
Table  II  of  4.2,  shall  be  assembled  into  complete  rounds  using  propellant 
of  a  weight  calculated  to  give  a  pressure  equdl  to  the  rated  maximum  pressure 
of  the  shot  in  a  new  gun  for  the  applicable  combination  of  shot  and  gun. 

Five  rounds  shall  be  fired  hot  (125®F),  and  five  rounds  shell  be  fired  oold 
( -4o°?).  The  complete  rounds  of  fixed  annual t ion  shall  be  held  at  the  proper 
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temperature  for  a  period  of  not  lees  than  fc4  hours,  and  shall  he  fired 
within  two  minutes  after  removal  from  the  conditioning  chamber.  The 
shot  shall  be  fired  through  paper  screens  situated  approximately  100 
and  300  feet  from  the  gun,  into  a  target  at  approximately  1000  yards 
range.  A  gun  in  the  last  quarter  of  its  service  life  shall  be  used. 

Observation  shall  be  made  for  evidsnoe  of  loss,  or  break-up  of  any 
shot  component  either  in  the  gun  or  in  flight  to  determine  compliance 
with  3. 6. 2.2. 

4.8.3  Vsloolty -aoouraoy  teat. -The  sample  shot,  selected  in  accordance 
with  Table  II  of  4.2,  shall  be  fired  from  a  gun,  for  which  shot  la  standard, 
for  comparison  with  a  group  of  tenshot  from  a  reference  lot,  utilising 

the  service  oharge.  The  sample  shot  and  reference  shot  shall  be  fired 
alternately,  and  the  velocity  and  aoouraoy  measurement  shall  be  obtained, 
for  information  only,  at  approximately  100-yard  range.  Aoouraoy  shall 
be  recorded  in  the  firing  record  in  terms  of  Probable  Error  (PK)  hori¬ 
zontal  and  vertical.  Aoouraoy  data  la  for  information  only  and  will  not 
be  used  to  determine  acceptance  or  rejection  of  the  lot.  (See  6.3). 

4.8.4  Acceptance. -The  pilot  lot  shall  be  considered  acceptable  pro¬ 
vided  the  shot  fired  comply  with  the  requirements  of  3. 6. 2.1  and  3. 6. 2. 2. 

4.9  Proving -ground  teat  (production  lot).  (See  6.5. ) 

4.9.1  Plate  penetration. -The  Bl(p)  of  a reference  lot  and  the  BL(P)  of 
the  production  lot  a  ball  be  determined  in  the  same  manner  as  specified  in. 

4.8.1.  except  that  produotlon-lot  samples  shall  he  used. 

4.9.2  Security. -The  sample  shot,  selected  in  accordance  with  Table  II  of 
4.2,  shall  he  fired  in  a  gun  for  whloh  standard,  in  the  last  quarter  of  its 
servloe  Ilfs,  with  a  propellant  adjusted  to  obtain  112  percent  of  the  rated 
maximum  pressure  in  a  new  gun.  The  shot  shall  be  fired  through  paper  screens 
placed  100  feet  and  300  feet  from  the  gun,  into  a  target  at  approximately 
1000  yards  range.  Observation  shall  be  made  for  evidence  of  loss,  or  break¬ 
up,  of  any  shot  component  either  in  the  gun  bore  or  in  flight,  to  determine 
oompllanoe  with  3*7.2. 

4.9.3  Velooitr-eoouraoy . -The  procedure  for  tests  shall  he  conducted 
in  the  same  manner  as  specified  in  4.8.3,  exoept  that  produotlon-lot  samples 
shall  be  used. 

4.9.4  Aoooptanoe.-The  lot  shall  he  considered  acceptable  provided  the 
ahot  fired  complies  with  the  requirements  of  3*7*1  and  3*7*2.  The  lot  shall 
be  considered  eligible  for  retest  under  the  provisions  of  4.9.?  provided: 

a.  The  BL(P)  of  the  production  lot  is  greater  than  100  f/a  of  the 
BL(P)  of  the  reference  lot  or 

b.  not  more  than  one  shot  shows  a  loss,  or  breakup,  of  its  component 
parts  in  the  gun  bore  or  in  flight. 

The  ahot  shall  be  rejected  if  the  limits  for  eligibility  for  retest  are  exceeded. 

4.9.5  Retest. -The  retest  shall  be  limited  to  the  phase  in  which  fail¬ 
ures  occur,  i.e.  plate  penetration,  or  security. 

4. 9.5.1  Plate  penetration. -A  retest  as  provided  for  in  4.9*4  may  be  made  if 
requested  by  the  contractor'  by  using  eighteen  sample  shot.  The  BL(?)  shall 
he  determined  twice,  independently.  The  lot  shall  he  considered  acceptable 
on  reteat  provided  the  BL(P)  of  eaoh  of  the  two  groups  is  not  greater  than  100 
f/a  shove  the  BL(P)  of  the  reference  lot. 
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4. 3. 5. 2  Security. -A  retest  as  provided  for  In  4.9.4  nay  be  made  If 
requested  by  the  contractor  by  using  double  tbe  number  of  samples.  The 
lot  shall  be  considered  acceptable  on  retest  provided  the  shot  fired  com¬ 
plies  with  the  requirement  of  3«7*2. 

4.10  Reprocessing. -In  the  event  of  failure  attributable  to  cores, 
the  manufacturer  say  reprocess  the  cores  in  a  lot  by  re -sintering,  repressing, 
or  re-inspecting  and  submit  the  lot  for  retest.  A  lot  of  shot  may  be  re¬ 
processed  not  more  than  tvioe,  and  after  each  reprocessing  submitted  but  once 
to  the  proving  ground  for  test. 

5.  PREPARATION  FOR  DELIVER? 

5.1  Packing,  labeling,  and  marking. -Packing,  labeling,  and  marking  shall 
be  as  specified  in  Specification  MIL -P -10025. 

5.2  Data  cards. -Data -card  information  shall  be  as  specified  in  MIL-G- 
2550.  In  addition  the  data  cards  shall  contain  on  the  reserve  side  the 
following  information: 

1.  Name  of  oore  manufacturer. 

2.  Name  of  carrier  manufacturer. 

3.  Chemical  composition  of  core.  (See  6.2.) 

4.  Hardness  of  oores  in  range  of  two  points  Rockwell  "A". 

5.  Method  of  core  manufacture  (hot-press,  cold-press,  or 
specify  other  means.) 

6.  Details  of  reprooeaslng,  when  applicable. 

7.  Category,  in  acoordanoe  with  4.2,  when  applicable. 

6.  NOTES 

6.1  Ordering  data. -Procurement  documents  should  specify  the  title,  number 
and  date  of  this  epeolfi cation. 

6.2  Chemical  composition. -While  the  chemical  composition  given  on  the 
applicable  drawing  ie  advisory  rather  than  mandatory,  a  complete  analysis  will 
be  included  on  the  data  card  for  informational  purposes  only.  The  composition 
given  on  the  drawing  re preeenta  that  with  which  peat  eiperienoe  indicates 
best  results  are  obtainable. 

6.3  Veloolty  and  acouracy  requirements. -Proving -ground  tests  for  velocity 
and  dispersion,  are  not  aooeptanoe  tests.  Firing  of  shot  from  each  Of  the 
test  lots  will  he  Interspersed  with  one  of  a  reference  lot,  continuing  until 
test  is  completed. 

6.4  Replacement  samples. -To  cover  the  possibility  of  unfair  impacts  in 

the  armor-plate  penetration  test,  the  necessity  of  obtaining  replacement  samples, 
and  the  consequent  delay  in  obtaining  ballistic  test  results,  additional 
samples  for  the  plate  penetration  teat  may  be  Bhlpped  to  the  proving  ground  with 
the  original  sample.  Unused  sample  will  he  returned  to  the  contractor,  or 
the  contractor  will  be  reimbursed  for  the  cost  of  samples  used  to  replaoe  those 
that  impacted  unfairly. 

6.5  Defective  cores . -Cores  rejected  for  minor  defects  not  affecting 
dimensions  or  weight  may  he  supplied  for  security  and  velocity  tests  of  produc¬ 
tion  lots.  Shot  so  assembled  will  be  suitably  marked. 
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NOTICE: -This  specification,  together  with  specifications  and  drawings 
pertaining  to  it  and  bearing  a  "Notice"  of  similar  restrictions,  is  Intended 
for  use  only  in  connection  with  procurement  by  the  TJhited  States  Govern- 
aentj  and  shall  not  be  reproduced  either  wholly  or  in  part  except  when 
authorised  in  connection  with  Government  procurement,  nor  he  used  for  any 
other  purpose  except  when  specifically  authorised  by  the  Chief  of  Ordnance. 


CUSTODIAN 

Army  -  Ordnance  Corps 
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APPENDIX  B 


DEFINITIONS  OF  TERMS  USED  IN  BALLISTIC  TESTING  OF  ARMOR 

AT 

nayal  PRQYI21.P-P.RQ.VWP 


(Taken  from  Naval  Proving  Ground  Report  10-46,  Jun  1946) 
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DEFINITIONS  OF  TERMS  USED  IN  BALLISTIC  TESTING  OF  ARMOR 

AT 

NAVAL  PROVING  GROUND 


Description  of  Projectile  after  Impact 


In  the  following  are  defined  terms  in  general  use  at  the  Naval 
Proving  Ground  for  the  description  of  the  projectile  condition  after 
impact  against  armor.  The  definitions  are  listed  under  four  headings 
according  to  whether  the  term  applies  tos 

(a)  The  projectile  as  a  whole} 

(b)  The  nose  of  the  projectile} 

(c)  The  body  of  the  projectile} 

(d)  The  base  of  the  projectile, 

1,  Projectile  Condition  (as  a  whole) 

(a)  Effective  A  projectile  is  called  effective  when  its 
cavity  is  capable  of  holding  water  up  to  a  pressure  of  50  pounds  per 
square  inch  without  leaking.  In  most,  cases  visual  inspection  reveals 
whether  the  projectile  could  pass  this  test-  An  effective  projectile 
is  considered  capable  of  being  detonated  high-order  under  service  con¬ 
ditions. 


(b)  Not  effective  -  A  projectile  which  is  unable  to  meet 
the  above  requirements  is  called  not  effective.  It  is  believed  that 
such  projectiles  would  not  detonate  with  satisfactory  fragmentation 
characteristics  after  impact  under  service  conditions, 

(c)  Undeformed  -  The  projectile  shows  no  bulging,  cracks, 
or  breaks.  Undeformed  projectiles  are  expected  to  lose  windshields, 
caps,  and  rotating  bands  during  impact.  Synonymous  terms  are  "excel¬ 
lent"  and  "intact." 

(d)  Split  -  The  projectile  is  split  into  two  or  more  parts 
along  its  longitudinal  axis  (Figure  15.B-1  A), 

(e)  Broken  -  The  projectile  is  broken  transversely  across 
its  middle,  between  the  forward  bourrelet  and  the  band  score,  into  a 
nose  piece  and  a  base  piece  (Figure  15.B-1  B), 

(f)  Shattered  -  Projectile  broken  into  many  small  pieces 

(Figure  15 . B-l  C ) ,  ~ 
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Neg.  #307^8 
R-915 


Figure  15.B-1.  Projectile  condition 

A  -  Split 
B  -  Broken 

C  -  Shattered 
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(g)  Hot  recovered  »  As  the  name  implies,  the  projectile 
could  not  be  found. 

2.  Nose  Condition 

(a)  Hose  cracked  off  -  The  nose  breaks  off,  usually  nearly 
perpendicular  to  the  projectile  axis,  leaving  a  smooth  regular  sur¬ 
face  with  no  appearance  of  shearing  or  abrading.  Cracking  may  occur 
immediately  after  or  hours  after  the  impact  (Figure  15.B-2  A). 

(b)  Nose  shattered  -  The  nose  of  the  projectile  is  shattered, 
leaving  a  rough,  Jagged  pattern.  The  fractured  surface  has  a  crystal¬ 
line  appearance  (Figure  15.B-2  B), 

(c)  Nose  chewed  off  -  The  nose  of  the  projectile  is  lost 
during  impact  and  has  a  rough,  crumbled  appearance.  This  failure 
differs  from  the  "nose  shattered"  appearance  in  that  the  jagged  edges 
are  rounded,  as  if  fused  (Figure  15.B-2  C). 

(d)  Nose  sheared  off  -  The  nose  of  the  projectile  is  sheared 
off  leaving  a  relatively  smooth  and  regular  surface  of  fracture,  which 
is  usually  inclined  approximately  at  45°  with  the  axis  of  the  projectile 
(Figure  15.B-2  D). 

(e)  Nose  cracked  -  Well  developed  cracks  are  evident  on  the 
nose  of  the  projectile  (Figure  15.B-2  E), 

(f)  Nose  flattened  -  The  projectile  is  plastically  deformed 
to  produce  a  flat  area  on  the  nose  of  the  projectile  (Figure  15.B-2  F), 

(g)  Nose  upset  -  The  nose  is  compressed,  which  results  in  an 
over-all  swelling  of  the  nose  (Figure  15.B-2  G). 

(h)  Nose  bent  -  The  tip  of  the  nose  is  displaced  relative  to 
the  body,  A  synonym  is  "nose  offset"  (Figure  15.B-2  H). 

3.  Body  Condition 

(a)  Body  cracked  -  Well  developed  cracks  appear  on  the  body 
of  the  projectile  (Figure  15.B-3  A). 

(b)  Body  upset  -  The  body  of  the  projectile  is  swelled. 

(c)  Body  bent  -  The  body  of  the  projectile  is  bent  (Figure 
15..B-3  B). 

(d)  Body  dented  -  A  dent  is  produced  in  the  body  of  the  pro¬ 
jectile  (Figure  15.B-3  c). 
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D 


Figure  lp'.Q-3. 

A  -  Body  cracked 
B  -  Body  bent 
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C  -  Body  dented 
B  -  Body  gouged 
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(®)  S^y  S°ugg.4  -  A  deep  gash  is  made  in  the  side  of  the 
projectile.  As  a  rule,  some  of  the  material  of  the  projectile  is 
removed  (Figure  15.B-3  D). 

4.  Base  Condition 

,,  ^  Sa&s  rltig  torn  -  Part  of  the  base  of  the  projectile  is 

pulled  off  in  penetrating  the  plate.  This  break  often  exposes  the 
cavity  or  the  base  plug  comes  out,  either  of  which  renders  the  pro¬ 
jectile  Ineffective  (Figure  15,,B-4  A). 

(b)  Base.... slapped  (or  flattened }  -  The  base  is  flattened  as 
the  result  of  a  slap  against  the  plate  during  a  ricochet  or  against 
the  side  ol  the  impact  hole  during  complete  penetration  (Figure 

15 •4  By# 

■  c'  S5SLe_.)5eu_ged  -  The  base  is  sosrred  longitudinally.  As 
“  r“1®*  ?orae  of  the  material  of  the  projectile  is  removed  (Figure 
15*B»4  C y« 
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A 


5 


Figuru  l?.84i.  Base  condition 

A  -  mse  ring  torn 
B  -  &se  slapped 
c  *  Qase  gouged 
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1  -  Mr.  F.  E.  Goeckler 
J.  W.  Rex  Company 
834  W,  Third  Street 
Lansdale,  Penna. 

1  -  Mr.  H.  V.  Joyce 
U.  S.  Steel  Co, 

525  William  Penn  Place 
Pittsburgh  30,  Penna, 

1  -  Mr.  G.  P,  Witteman 
Bethlehem  Steel  Co. 

701  E.  Third  Street 
Bethlehem,  Penna, 
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C  Hirer  Builiir.e 
Pitta barf  Pawn, 

Mr.  3.  B.  StoLtP 
St ccar  VSs  Co. 

Aurora,  Ill, 

Mr.  F.  C.  Ritnar 

Carboly  Dapt  of  Saner* 2  Blactrle 

Datroit,  Michigan 

Mr.  J.  F.  Sachriit 
Redco  Tool  Company 
Rad  Lion,  Panna. 
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